
Version SWP/5

MET3
MANUFACTURING ENGINEERING TRIPOS PART IIB

Tuesday 26 April 2022 9 to 12.10

Paper 1

Answer not more than four questions.

Answer each question in a separate booklet

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
8 page answer booklet x 4
Rough work pad

SPECIAL REQUIREMENTS TO BE SUPPLIED FOR THIS EXAM
CUED approved calculator allowed.
Engineering Data Books.
Probability Tables for Question 5

10 minutes reading time is allowed for this paper at the start of
the exam.
You may not start to read the questions printed on the subsequent
pages of this question paper until instructed to do so.

You may not remove any stationery from the Examination Room.
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1 (a) Elemental carbon exists in several forms, each of which has its own physical
characteristics. Examples of this are graphite and carbon nanotubes (CNTs).

(i) Describe the structural di�erences and the resulting properties of graphite and
CNTs. [10%]

(ii) Unlike CNTs, carbon fibres have been employed in engineering applications
for many decades. Explain the di�erences between CNTs and carbon fibres. [10%]

(b) (i) Name three di�erent methods used to manufacture CNTs and describe the
advantages and disadvantages of each. [10%]

(ii) Describe the process steps for the manufacturing route most widely used to
produce CNTs. [30%]

(c) (i) Highlight four applications of CNTs that make specific use of their unique
electrical or mechanical attributes. [20%]

(ii) What are the future challenges that manufacturers face in order to expand the
use of CNTs? [20%]
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2 (a) (i) Describe what is meant by the term biomimetics. [10%]

(ii) Describe one example of a biomimetic material. Include in your description
details of the material properties, how these properties are achieved, and why it is
considered a biomimetic material. [25%]

(b) (i) Describe what is meant by the term biopolymer. [10%]

(ii) Explain the challenges faced when attempting to increase the use of
biopolymers globally. [30%]

(c) A firm has decided to invest in building a chemical processing factory to make a
specialised polymer for the medical device sector. Describe any 5 steps they will need to
complete before they can fully cost a new factory. [25%]
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3 A small machining company is contracted to machine a pulley component. The
pulley component can be seen in Fig. 1a. The pulley is currently machined on a single
turning centre at a rate of five parts per hour and is constantly supervised by a single
operator. The turning centre is a two axes machine (X-, Z-axes), used for turning profiles
on parts, with an additional axis (Y-axis) fitted with a live turret for milling features, none
central to the chuck. It is also fitted with an automated door and chuck to allow automated
operations. The turning centre can be seen in Fig. 1b. Part handling, material orientations,
machining operations and cycle times can be seen in Fig. 2. The machining company
wants to improve the production rate of the current solution, and proposes to introduce an
additional turning centre and automation to reduce manual part handling tasks. The new
turning centre has the same functionality as the existing one, except it is not fitted with a
Y axis and live turret. Thus the new turning centre is not capable of performing Operation
3 (see Fig. 2).

Fig. 1: a) pulley component b) turning centre.
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Fig. 2: Part handling, material orientation, machining operations and cycle times.

(a) You are required to design an automated cell meeting the needs of the machining
company and only requiring the intervention of an operator every four hours:

(i) Draw the floor layout for the new automated cell making use of the two turning
centres. The design should include any additional hardware, such as robots, end
e�ectors, conveyors, kitting trays and safety systems. Describe the overall operation
of the system, listing the specific features of the hardware components that make
them suitable for the task. [40%]

(ii) Describe how the automated cell would achieve an improved production rate,
considering the cycle times of the di�erent machining operations, capabilities of the
di�erent turning centres and operator availability. [30%]

(b) Draw a diagram of the di�erent elements required to manage the operation of the
automated cell. Include any additional hardware required and describe control functions
required on the di�erent pieces of hardware used in your solution. [30%]
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4 A logistics company has partially installed a divert station on a tote roller conveyor,
allowing plastic totes with an appropriate bar code identifier to be diverted. A plan view
of the divert station in two states can be seen in Fig. 3. The station’s divert function is
achieved through the operation of a tote stopper, interrogation of a tote bar code via a
bar code reader and the operation of the tote pusher. To ensure robust operations, it is
proposed that a pneumatic actuation solution is used for the tote stopper and pusher. ISO
standard symbols for components used in these types of applications can be seen in Fig. 4.
The pneumatic actuation solution design needs to meet the following operational criteria:

• the tote stopper must normally be in the up position to stop the totes, even if the air
and/or electrical supplies fail;

• the speed of the tote pusher needs to be set independently, either when diverting totes
or retracting to its normal retract position;

• and the spacing of incoming totes is controlled independently and prior to the divert
station. This ensures that tote collisions do not occur at the entry of the diverter.

Fig. 3: Plan view divert station

(a) Design a pneumatic circuit that will enable the operation of both the tote stopper
and the tote pusher from a Programmable Logic Controller (PLC). The design should
fulfil the operational criteria and include all components such as pistons, control valves
and regulators. Label each component and describe why it has been used. List any
assumptions you make. [50%]
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(b) List infrastructural equipment the logistics company must install to enable the
operation of the pneumatic hardware. Describe the function of the equipment and why it
is critical to the diverter’s operation. [25%]

(c) To ensure the PLC can robustly control the operation of the diverter, list the di�erent
sensors that you would recommend, stating how it is to be used in each case. List any
assumptions you make in your sensor selection. [25%]

Fig. 4: ISO pneumatic symbols
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5 A manufacturer has approached a consulting firm for a process improvement project
that requires the development of a discrete event simulation model of their plant.

(a) The consulting firm has identified the activities, precedence relationships and
estimated activity times for the project as shown in Table 1. The firm has agreed to
complete the project in 40 days at a fixed price of £50,000. If the project is not completed
within 40 days, the contract specifies a penalty cost of £3,000 for each day of delay. The
estimated daily cost to the firm including wages and expenses for this project is £1,000.
Calculate the probability that this project will be profitable for the consulting firm. [30%]

Activity
Predecessor

Activities
Time estimate (days)

Minimum Most Likely Maximum
A: Define the project aim and

scope
- 1 3 5

B: Identify project
stakeholders

- 1 2 3

C: Develop process map A, B 4 6 8

D: Collect and analyse data A, B 6 8 16

E: Construct simulation
model

C, D 6 7 8

F: Verify model E 1 2 3

G: Validate model E 5 7 9

H: Design and conduct
experiments

F, G 4 5 6

I: Draw conclusions H 2 3 4

J: Produce report and
presentation

I 1 3 5

Table 1

(b) The analyst assigned to this project is interested in identifying the bottleneck of the
manufacturing process. The analyst has run five replications of the simulation model using
Arena for a run-length of six months. The simulation outputs for the average waiting times
(in minutes) at three critical operations of the plant are shown in Table 2.

(i) Reflecting on the outputs shown in Table 2, discuss the importance of
replications in a discrete event simulation model. [20%]
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(ii) Estimate the minimum number of replications that should be run so that the
half-width is within 10% of the average waiting times across replications at each
operation. [20%]

Replication
Average waiting times (minutes)

Kitting Assembly Testing
1 13.89 20.53 17.98

2 17.65 15.19 26.87

3 14.65 30.26 25.65

4 20.34 18.62 19.67

5 14.98 29.98 22.65

Average across
replications

16.30 22.92 22.56

Half-width 3.31 8.51 4.71

Table 2

(iii) The manufacturing plant currently uses a conveyor to transport parts from
Kitting to Assembly. Fig. 5 shows part of the simulation model that describes this
logic. The manufacturer wants to understand the impact of replacing the conveyor
with four Automated Guided Vehicles (AGV) that can each carry one part at a time
and move twice as fast as the conveyor. Sketch and describe the logic the analyst
should use in Arena to model the AGVs. State any assumptions you have made. [30%]

Fig. 5
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6 (a) The formula for calculating variance (f2) in a data sample is given below.
Explain why the formula involves taking the square of the di�erence between the data
points (G8) and the mean (`). [5%]

f2 =

#Õ
8=1

(G8 � `)2

# � 1

(b) The formula for calculating standard deviation (f) in a data sample is given below.
Explain why the formula involves taking the square root of the variance. [5%]

f =

vut
1

# � 1

#’
8=1

(G8 � `)2

(c) Explain the di�erence between a parameter and a statistic? [10%]

(d) Compare and contrast population standard deviation and sample standard deviation.
[10%]

(e) Briefly explain the central limit theorem and why it is useful. [10%]

(f) As part of a new product launch, a manufacturer is planning to perform a survey to
explore the product market. The manufacturer would like to survey prospective customers
in two regions as well as in three age groups, i.e., six di�erent populations in total. The costs
of surveying are di�erent for those six populations, but known to the manufacturer. The
manufacturer would like to minimize the costs of surveying 1,000 prospective customers
while making sure that each population is properly represented. Therefore, the sample
should contain at least 25% from each age group and at least 40% from each region.
Explain how you would formulate this problem for an optimiser to minimize the surveying
costs that would be incurred by the manufacturer. [15%]

(g) You are working as a data analyst for a medical device producer that is having quality
issues on its production line. It is estimated that on average 35% of devices fail quality
control. The manufacturer wants to explore whether device quality could be predicted
using image based sensors. Based on 165 historical records, you have produced a classifier
for this problem which groups predictions into two classes: ‘Fail’ and ‘Ok’. After you run
the model you find the following results:
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• ‘Fail’ predictions that have actually failed quality checks: 20

• ‘Fail’ predictions that were found to be good quality: 55

• ‘Ok’ predictions that have actually failed quality checks: 15

• ‘Ok’ predictions that were found to be good quality: 75

As this approach may replace manual quality checks on critical devices, it is important
that the classifier performs well.

(i) Calculate the accuracy, recall and precision of the model using a confusion

matrix and comment on model performance using these metrics. Are all these
performance metrics equally important in the above context? [25%]

(ii) How would your interpretation of model performance be a�ected if only 1%
of devices fail quality control on average? [20%]

END OF PAPER
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