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MET2
MANUFACTURING ENGINEERING TRIPOS PART IIA

Tuesday 4 May 2021 9.00 to 12.10

Paper 3

MODULE 3P4: OPERATIONS MANAGEMENT
(SECTION A)

MODULE 3P5: INDUSTRIAL ENGINEERING
(SECTION B)

Answer all questions from sections A and B.

All questions carry the same number of marks.

The approximate percentage of marks allocated to each part of a question is indicated 
in the right margin.

Write your candidate number not your name on the cover sheet.

STATIONERY REQUIREMENTS
Write on single sided paper.
You may type your answers.

SPECIAL REQUIREMENTS TO BE SUPPLIED FOR THIS EXAM      
CUED approved calculator allowed
You are allowed access to the electronic version of the Engineering Data Books. 
3P5 Data Sheet

10 minutes reading time is allowed for this paper at the start of 
the exam.
The time taken for scanning/uploading answers is 30 minutes.

Your script is to be uploaded as a single consolidated pdf 
containing all answers.
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SECTION A

1 (a) Consider the following modification of the EOQ problem. A company orders
2 items from their supplier. Let Di be the annual demand, Ki the fixed ordering cost, and
hi inventory holding cost per unit per time for item i=1,2. It is more convenient to order
both items at the same time.

(i) What is the total cost function for the company? [20%]

(ii) Find the optimal order quantity and discuss how it differs from the values
calculated with the EOQ formula. [20%]

(b) EOQ comes with very rigid assumptions. Discuss how one can update the inventory
policy when we relax some of the assumptions as follows:

(i) demand is stochastic; [20%]

(ii) backorders are allowed; [20%]

(iii) costs are not known for sure. [20%]
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2 (a) A hard-drive repair facility is organised such that each incoming hard-drive
undergoes an initial registration process. Each fault is then diagnosed by a technician, and
is given either a software upgrade, or a complete refurbishment. Currently, 50 hard-drives
per hour arrive at the facility, 10% of which are sent for refurbishment. On average, 30
hard-drives are waiting to be registered and 40 are registered and waiting to be seen by the
repair technician. The registration process takes, on average, 2 minutes per hard-drive.
The repair technician spends, on average, 5 minutes for hard-drives which receive software
upgrades and 30 minutes for those that require refurbishment.

(i) On average, how long does a hard-drive stay in the repair facility? [15%]

(ii) On average, how many hard-drives are being examined by the technician at
any given time? [10%]

(iii) On average, how many hard-drives are in the repair facility? [15%]

(b) Discuss the advantages and disadvantages of using an MRP system. [30%]

(c) Is just-in-time (JIT) applicable to services? If not, why not? If so, how? [30%]
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SECTION B

3 (a) A worker operates a machine in an environment with a background noise of
83 dBA. The machine produces an additional noise, also of 83 dBA.

(i) What is the maximum length of time the worker could operate the machine to
ensure the daily personal noise exposure level does not exceed 85 dBA? [20%]

(ii) Describe and justify three approaches that could be taken to allow the worker
to operate the machine for a full 8 hour shift. [20%]

(b) A production machine is scheduled to run for 10 shifts per week. Each shift lasts
for 7.5 hours. The standard cycle time for producing a component on this machine is 5
minutes. Calculate the OEE for this machine for a given week, considering the following
information:

•due to a breakdown, the machine was not operational for 3 hours;

•the machine operator was not available on one of the ten scheduled shifts;

•the average scrap rate was 2%;

•whilst running, the machine was producing 10 components an hour. [20%]

State any assumptions you make.

(c) A direct time study was performed for a task. The regular cycle included four
elements, a, b, c and d. Elements e and f are irregular elements performed every six and
four cycles respectively. The performance rating for each element is shown in Table. 1.

Table 1

Work element a b c d e f
Observed time (min) 0.50 0.25 0.58 0.72 0.85 1.01
Performance rating 80% 100% 95% 100% 100% 95%

(i) Calculate the basic time and the standard time for the cycle using an allowance
factor of 17%. [20%]
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(ii) It is planned that element e of this task will be replaced by element g. The
observed time of element g is estimated to be 0.32 min and the performance rating
will be 96%. Calculate the basic time and the standard time for the cycle using the
same allowance factor of 17%. [20%]

4 (a) A workshop is lit by 50 lights, positioned at a height of 5 metres. Calculate
how many lights can be removed, while maintaining the same level of luminance, if lights
are repositioned at a height of 3 meters instead? [20%]

(b) You have just taken over as the cell leader for a poorly performing production cell.
Scrap levels are high, mainly due to careless mistakes by operators. Efficiency is low,
due to high product variation, high work-in-progress and poor raw materials control. The
factory manager has instructed you to carry out a 5S implementation and to develop a
six-month improvement plan based on the principles of the Toyota Production System.

(i) Explain the general set of activities that are involved in your 5S implementation
for this production cell. [40%]

(ii) Describe in detail the three initiatives that would underpin your six-month
Toyota Production System improvement plan. [40%]

END OF PAPER
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MET 2A 3P5 Data Sheet 

Energy expenditure 

Table 1: Recommended Energy Expenditure 

Physiological measure Male worker Female 
worker 

Energy expenditure rate of the physical activity 
(maximum time-weighted average during shift) m 

5.0 kcal/min 4.0 kcal/min 

Energy expenditure of the physical activity for the 
entire 8 hr shift ER8h 

2400 kcal 1920 kcal 

Heart rate (maximum time-weighted average during 
shift) m 

120 
beats/min 

110 
beats/min 

 
Table 2: Typical energy expenditure for a person weighing 72Kg 

Activity Energy Expenditure (ER)1 

Sleeping BMRm 

Resting Seated 1.5 kcal/min 

Standing (not walking) 2.2 kcal/min 

Walking at 4.5 km/hr 4.0 kcal/min 

Jogging at 7.2 km/hr 7.5 kcal/min 

Mowing lawn (push mower) 8.3 kcal/min 

Office work seated 1.6 kcal/min 

Light assembly work seated 2.2 kcal/min 

Bricklaying 4.0 kcal/min 

Shoveling coal 8.5 kcal/min 

 

                                         
1 If a person’s weight is W, multiply ER by W/72 

ER

HR



Noise 

Sound intensity is measured relative to a reference pressure and converted to 
logarithmic scale called sound pressure level (SPL) with units of decibel (dB): 

𝑆𝑃𝐿 = 10 log*+
𝑝-.

𝑝/.
= 20 log*+

𝑝-
𝑝/

 

 where 𝑝-  = sound pressure from source, N/m2, and 𝑝/  = reference sound 
pressure, N/m2 (the usual reference pressure is 0.00002 N/m2) 

The noise regulations are based on an average SPL over an 8-hour shift. 

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

Light 

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

𝐸 =
𝑙
𝑑.

 

where 𝐸 = illuminance, 𝑙 = luminous intensity, and 𝑑 = distance from the light 
source. 

When incident light is at an angle 

𝐸 =
𝑙
𝑑.
cos 𝜃 

Visual acuity (VA) – capability to discriminate small objects or fine details.  

VA = 1/av where av is measured in arc min.  

Normal Vision VA=1 

 
 

 



 

 

Luminance (L) measures the amount of light reflected from a surface  

𝐿 =
𝐸 ∙ 𝑅
𝜋

 

where E = Illuminance, R = Reflectance 

Weber Contrast is expressed by the ratio: 
𝐿:;<=>? − 𝐿;A>BC/:DEF

𝐿;A>BC/:DEF
 

 



 

Object Typical Reflectance 

Mirrored glass 0.85 

White matt paint 0.82 

Light green paint 0.65 

Aluminium paint 0.65 

Medium blue paint 0.35 

Dark blue paint 0.08 

Black paint 0.04 

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) 

Reliability 

Let 𝑇 be a random variable defining the lifetime of a component with distribution 
function 𝐹(𝑡), and let 𝑓(𝑡) be its probability density function (PDF).  

The reliability function is given by 

𝑅(𝑡) = 𝑃(𝑇 > 𝑡) = 1 − 𝐹(𝑡) = 1 − N 𝑓(𝑡′)𝑑𝑡′
?

+
 

Failure rate or hazard rate: 

ℎ(𝑡) =
𝑓(𝑡)
𝑅(𝑡)

 

Mean Time to Failure: 

𝑀𝑇𝑇𝐹 = N 𝑡 ∙ 𝑓(𝑡)𝑑𝑡
R

+
 

 

 



Maintenance  

Dobson’s table for age-based preventive replacement policy assuming a Weibull 
lifetime distribution with shape and scale parameters 𝛽 and 𝜂 respectively. 

Optimal interval = 𝑚 ∙ 𝜂  

 
Source: BRYAN DODSON (1994) DETERMINING THE OPTIMUM SCHEDULE FOR PREVENTIVE MAINTENANCE, Quality Engineering, 6:4, 667-679 
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