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SECTION A 
 

1 (a)  Describe, giving examples, three approaches for matching capacity and 
demand in the intermediate term.   [30%]  
 

 (b) There are three companies who supply the following quantities of coal, and 
three consumers who require coal as follows: 
 

Suppliers Consumers 
Supplier 1 14 tons Consumer A 6 tons 
Supplier 2 12 tons Consumer B 10 tons 
Supplier 3 5 tons Consumer C 15 tons 

  
The cost matrix is as shown below. 
 

 Consumer A Consumer B Consumer C 

Supplier 1 6 8 4 
Supplier 2 4 9 3 
Supplier 3 1 2 6 

 
Find the schedule of a transportation policy which minimises the cost.  [50%] 
 
 (c) Why might methods to solve distribution problems sometimes fail to identify 
the optimal solution?  Explain how these failures can be avoided.  [20%] 
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2  (a) The Economic Order Quantity (EOQ) model has been criticised due to its 
‘unrealistic’ assumptions. Outline ways in which the various assumptions of EOQ are not 
matched by reality. To what extent is the validity of the EOQ model affected by these 
issues?     [25%] 
 
 (b) You are the operations manager at Complete Packaging Services (CPS), a 
packaging manufacturer based in Cambridge. CPS produces folding cartons (e.g. for 
frozen food and cereal) for a wide range of customers within the food industry, including 
the UK’s leading supermarket chains. Part of your job as operations manager is to 
purchase paperboard for use in the production facility. CPS uses 1,500 rolls of paperboard 
per year in its printing processes. The order cost is £75 per order; and the holding cost is 
1% per month of the purchase cost of £500 per roll. The facility operates for 50 weeks per 
year, and lead time from the supplier is 1.5 weeks. 
  
  (i) How many rolls of paperboard should you order at one time? What is the 

reorder point?   [20%] 
   
  (ii) What would be the change in total annual cost if CPS had storage space 

for only 50 rolls of paperboard, and thus was forced to use an order quantity of 
50?    [15%] 

 
 (c) Discuss, with examples, the key differences between fixed-order quantity and 
fixed-time period ordering systems.   [20%] 
 
 (d) Discuss how the application of the basic EOQ model might be altered in order 
to reflect quantity discounts?    [20%]  
  
 

 
 
 
    
 
 
 
 
    
 
 
   (TURN OVER 
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SECTION B 

 
3 (a) Define manufacturing strategy.  Why is it essential to understand the 
manufacturing strategy of a company before applying industrial engineering techniques to 
the redesign of a production system?   [10%] 
 
 (b) Describe the principles of motion economy that relate to the use of the human 
body.      [15%] 
 
 (c) Describe the ‘5S’ framework, and explain its use, in the context of Lean 
Production.     [15%] 
 
 (d) Why are standard times necessary in manufacturing operations?  An engineer 
times an operation and observes that it takes 1 minute.  He estimates the workers rating at 
110 on the BSI scale.  He assesses the fixed allowances at 10%, and the variable 
allowances also at 10%.  There are no contingencies for extra work.  Calculate the 
standard time for the operation.   [15%] 
 
 (e) Discuss the benefits of Predetermined Motion Time Systems compared to 
other methods of work measurement.   [10%] 
 
 (f) An activity sampling study is required to determine the utilisation of a crane to 
an accuracy of +/- 5%, with 90% confidence.  A pilot study shows the utilisation to be 
around 70%.  How many observations should be planned for the study?  [10%] 
 
 (g) Interpret the following control chart, explaining whether or not the process is 
in control.  Give any recommendations for action.  [10%] 
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(j) Explain Juran’s Cost of Quality Model.  Contrast with Taguchi’s Loss to 

Society notion.    [15%] 
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4 (a) Describe the stages of Systematic Layout Planning (R. Muther), clearly stating 
the objectives of each stage, and identifying the tools used.   [30%] 
 
 (b)  Discuss how ergonomic considerations of the following factors influence the 
design of factories: 
 

(i) the visual environment;  
 

(ii) the auditory environment and noise; 
    

(iii) the climate.   [35%] 
 
 (c) A worker operates a machine in an environment with a background noise of 83 
dBA.  The machine produces an additional noise, also of 83dBA.  What is the maximum 
length of time the worker could operate the machine to ensure the daily personal noise 
exposure level does not exceed 85dBA? 
 
Describe three different approaches that could be taken to allow the worker to operate the 
machine for a full 8 hour shift.   [35%] 
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MET 1 3P5 Data Sheet
Energy expenditure
The recommended maximum for mean energy expenditure over 8 hour shift is 5 kcal/min for males, 4 
kcal/min for females.

Noise

Sound intensity, sound pressure level (SPL or Lp

 

) is measured in dB, relative to a reference pressure.

pref

 

= 20 µPa (rms).

The Control of Noise at Work regulations are based on the daily personal noise exposure level, that 
corresponds to an average SPL over an 8 hour shift.

SPL average= 10 log10

 

{1/To

 

∑Ti

 

(100.1SPLi

 

)

 

}  Where:  Ti  is the time at SPLi

 

and To

 

is 8 hours

For daily personal noise exposure level

 

above 80dBA, hearing protection must be available on request, 
above 85dBA it must be used.

Light

Luminous intensity : candela (cd). The base SI unit.

 

The candela is the luminous intensity, in a given 
direction, of a source that emits monochromatic radiation of frequency 540

 

×

 

1012

 

hertz and that has 
a radiant intensity in that direction of 1⁄683

 

watt per steradian

 

.

Luminous flux, measured in lumens . 1 lumen (lm) =1 cd.sr

Illuminance

 

-

 

luminous flux shining per unit area on a surface, measured in lux.
1 lux

 

(lx) = 1 lm.m-2

Luminance(L) measures the amount of light reflected from a surface Units: cd. m-2.

Luminance(L) = Illuminance

 

(E). Reflectance (R)/

 

π

Visual acuity -

 

capability to discriminate small objects or fine details. VA = 1/v where v is measured in 
arc min. Normal Vision  VA=1. 

Weber Contrast is expressed by the  ratio  (Lobject

 

-Lbackground

 

)/Lbackground

.



Learning Curves

Learning Curves  have the form y = kxm

y = time/unit, k = constant representing the value of the time for the first work cycle, 

x = number of work units completed , m = a constant related to the rate of learning. (Note m is negative)

X-bar Charts R Charts Sample 
Size = n A2 A3 d2 D3 D4 

2 1.880 2.659 1.128 0 3.267 
3 1.023 1.954 1.693 0 2.574 
4 0.729 1.628 2.059 0 2.282 
5 0.577 1.427 2.326 0 2.114 
6 0.483 1.287 2.534 0 2.004 
7 0.419 1.182 2.704 0.076 1.924 
8 0.373 1.099 2.847 0.136 1.864 
9 0.337 1.032 2.970 0.184 1.816 

10 0.308 0.975 3.078 0.223 1.777 
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