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MET 3 

MANUFACTURING ENGINEERING TRIPOS PART IIB 

 

Tuesday 25th April 2023 9.00 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 on each booklet. 

 

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 6 
 
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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Question 1  

A firm (‘Plastic Inc.’) designs and fabricates plastic components for medical device 

manufacturers. Plastic Inc. has been asked to create a new component for an inhaler, 

made from low density polyethylene (LDPE). Plastic Inc. stock LDPE as a fine 

powder for selective laser sintering additive manufacturing, and LDPE as a coarse 

powder for use in injection moulding. 

 

(a) Describe the steps in the manufacturing process for selective laser sintering 

additive manufacturing and injection moulding. 

[15%] 

(b) Describe how you would choose which of these two manufacturing 

processes to use for the inhaler component. 

[25%] 

(c) The medical device manufacturer has decided to make their product more 

sustainable. They have requested that Plastic Inc. make the components 

using a new bio-based LDPE. What manufacturing challenges do you 

anticipate may occur with a move to a new bio-based polymer? Refer to the 

two manufacturing processes where appropriate and include any suggested 

mitigation actions in your answer. 

[30%] 

(d) Explain how you would evaluate if the move to a bio-based polymer 

improves product sustainability. Include any challenges you anticipate you 

will face when making this evaluation. 

[30%] 
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Question 2 

(a) Describe the process of creating an array of transistors on a silicon wafer 

using photolithography. 

[25%] 

(b) Give and explain any two examples of how processing steps can limit the 

achievable pattern resolution when manufacturing arrays of transistors. 

[20%] 

(c) Give and explain any two examples of materials innovations that have 

helped (or will help) the microchip industry to follow Moore's Law, i.e., 

doubling the number of transistors on a microchip every two years. 

[20%] 

(d) Explain why it would be difficult to replace photolithography with direct 

patterning with a laser when manufacturing microchips on silicon. 

[20%] 

(e) Describe any 3 challenges that would be faced if moving to roll-to-roll 

manufacture of arrays of transistors on thin plastic films for flexible 

electronics. 

[15%] 

 

 

 

 

 

 

 

 

 

 (TURNOVER 
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Question 3 

(a) You are designing a pneumatic application. 

 (i)  List the pneumatic components required to control the quality of a 

compressed air source. Explain the function of each component.  

[10%] 

 (ii)  Draw the ISO pneumatic symbol for a 3/2 Way, Pilot Operated, Solenoid 

Valve, Normally Closed. Explain the basic symbology of the valve. 

[10%] 

(b) A robot multi end effector tool stand is shown in Fig. 1a. Each tool is fitted 

with the tool side of an end effector changer. An enlarged view of the robot 

end effector changer mechanism, including the robot side of the changer, is 

shown in Fig. 1b. The changer will be controlled by a robot performing 

assembly operations. This will require the double acting cylinder within the 

robot side of the changer shown in Fig. 1c to be controlled by a 5/2 way 

pneumatic solenoid valve shown in Fig. 1d and multiple sensors. 

 (i)  State key features that would be required to ensure this system 

functions safely and effectively.   

[15%] 

 (ii)  Sketch and clearly label a pneumatic circuit diagram for connecting 

the 5/2 way pneumatic solenoid valve to the double acting cylinder.   

 [25%] 

 (iii)  Identify the key logical tasks and input / output mapping to support 

the logical operations of this system.    

 [20%] 

 (iv)  Draw a flowchart that depicts the high-level logic required to control the 

operation of the robot end effector changer when performing an end 

effector pick up and put down. Describe any assumptions you have made. 

 [20%] 
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Fig. 1: End Effector Tool Changer 

 (TURNOVER 
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Question 4  

Climate change concerns, fears about future resource availability and desire for recyclability 

are some of the environmental factors that are often involved in decisions about choice of 

materials for products. The balance of factors can vary significantly between different 

materials and products, and many further environmental and other considerations may be the 

determining criteria. 

With specific reference to (1) multilayer flexible plastic packaging for cheese and (2) Li-ion 

batteries for electric vehicles, discuss the following: 

(a) Why is recycling being promoted? To what extent are claims of the benefits 

of recycling justified?  

[20%] 

(b) What are the main obstacles to recycling? 

[20%] 

(c) Discuss the viability and desirability of substitution of a material for another 

material that is more easily recycled. 

[20%] 

(d) Re-use rather than single-use is generally regarded as environmentally 

desirable. What are the considerations for these products of moving towards 

such a model? 

[20%] 

(e) What other steps could be taken to reduce the environmental impact of any 

aspect of the lifecycle of these products? Explain the importance of your 

suggestions.  

[20%] 
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Question 5  

Forkly is an intercity courier company, which is venturing into doorstep delivery of groceries. 

In order to achieve this, Forkly has plans to establish micro-fulfilment centres (MFCs) across 

London to stock the necessary inventory.   

(a) Forkly has decided to divide London into four regions (North, South, East and 

West), and establish an MFC in each of these regions. However, they have 

sufficient resources to only open one MFC in each of the next four months. The 

additional cost (in pounds) per delivery incurred by riders for delivering across 

regions (e.g., delivering to a customer in North from an MFC in West) is 

provided in Table 1. The forecasted monthly demand for each region, and the 

importance of fulfilling demand from each region is provided in Table 2. 

Determine the optimal sequence in which the MFCs should be established such 

that the cost of deliveries over the next four months is minimised. 

[40%] 

                                     
To (j)     

            
From (i) 

North South East West 

North 0 6 11 9 

South 7 0 12 8 

East 9 6 0 5 

West 8 8 10 0 

Table 1: Cost Matrix showing additional costs incurred in delivering from an MFC in region 

(i) to customers in region (j) 

 

 

 

 

Table 2: Forecasted monthly demand and importance of each region 

 (TURNOVER 

Region  
Monthly  
Demand 
(Items)  

Importance 
(Weight)  

North  11000  1.4  

South  9000  1.0  

East  15000  0.8  

West  4000  1.1  
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(b) The North MFC has currently received six orders as shown in Table 3. Each 

rider has capacity to carry a maximum of 40 items. The distance matrix 

showing the distances (in miles) between the customer locations as well as 

the MFC is shown Table 4. Determine the minimum number of riders 

required and the optimal allocation of the orders to each rider such that the 

overall distance travelled by the riders is minimised.    

[40%] 

Customer ID  Order size  
1  16  
2  7  
3  15  
4  9  
5  11  
6  18  

Table 3: Order details 

 
MFC 

Customers 

1 2 3 4 5 6 

MFC 0 5 6 4 6 3 4 

C
us

to
m

er
s 

1 5 0 3 4 6 6 5 
2 6 3 0 4 2 4 5 
3 4 4 4 0 5 3 4 
4 6 6 2 5 0 3 2 
5 3 6 4 3 3 0 4 
6 4 5 5 4 2 4 0 

Table 4: Distance Matrix 

(c) Forkly commits to delivering customer orders within 30 minutes after they 

leave the MFC. It is known that the riders travel at a fixed speed of 20 miles 

per hour. Explain how you would optimise the allocation of orders to riders 

given the time constraint. 

[20%] 

  



Version SWP/05 

Page 9 of 12 
 

Question 6  

(a) Flexo produces and sells high precision metal parts. They sell one particular 

item on a regular basis. At the start of the current week, it has 100 units of 

this item in stock and no deliveries are expected until next week. The 

manager knows that weekly sales of this item are normally distributed with 

an average of 80 and a standard deviation of 15.  

(i) Calculate the probability that Flexo will not have enough stock to 
meet sales in the current week.   

[10%] 

(ii)  Calculate the probability that Flexo will sell more than 50 units of 

stock in the current week. 

[10%] 

(b) Recently, the rising cost of running their sintering machines attracted 

management attention. Operators were convinced that the make of the 

machine in addition to its usage and age were major determinants of the 

cost. Flexo operates two different makes of sintering machines – Advent 

and Basilea. It is thought that the average cost of running Advent machines 

is higher than Basilea. If a systematic difference in costs between the makes 

existed, this would have implications for decisions regarding the purchasing 

of new machines. Before taking any action, the company decided to 

examine the data and use regression analysis to understand the drivers of 

cost.   

 Table 5 presents data for 30 machines. The table shows the cost, age (in 

years) of each machine and the machine usage (number of parts made in the 

current year). The “Make” column has the value of 1 for the Advent 

machines and 0 for the Basilea machines. Fig. 2 presents the correlation 

matrix for the variables, and Figs. 3, 4 and 5 show the results of three 

different regression analyses.  

(i)  Write the regression equations for the three models in figs 3, 4 and 5. 

[10%] 

(TURNOVER 
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(ii)  Using the output in Fig. 3 for the regression of cost on the make of the 

machines, can you reject the hypothesis that the average cost of 

running Advent machines is £2,000 higher than that of running 

Basilea (test at 5% significance level)? 

[10%] 

(iii)  Which model should Flexo use for estimating the cost of running their 

machines? Explain the rationale for your answer.  

[20%] 

(iv)  Do the regression results confirm the company’s suspicion about the 

importance of the machine make? Explain the rationale for your 

answer. 

[20%] 

(v)  What would be your estimate for the running cost of a 5-year old 

Basilea machine producing 50,000 parts/year? Construct an 

approximate 95% confidence interval for this estimate. 

[20%] 

 

 

Fig. 2: Correlation Matrix 

 

Fig. 3: Regression Model 1 
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Fig. 4: Regression Model 2 

 

Fig. 5: Regression Model 3 
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COST (£000s) AGE (years) MAKE (0/1) USAGE (000s) 
6.76 1 0 56.40 

10.58 5 1 57.60 
6.60 3 0 51.60 

10.06 7 1 58.80 
11.70 8 1 49.20 
7.20 3 0 45.60 
9.42 4 0 58.80 
9.32 6 1 54.00 
6.44 1 0 45.60 

12.00 10 1 52.80 
10.84 6 1 57.60 
7.14 3 0 44.40 
8.78 4 0 42.00 
5.66 0 0 60.00 

10.30 6 0 54.00 
8.24 3 1 44.40 
6.28 1 0 55.20 

13.10 10 1 57.60 
6.16 1 0 38.40 
9.14 6 0 51.60 
6.96 1 0 54.00 

10.76 8 0 42.00 
10.06 8 1 46.80 
6.98 3 0 51.60 

10.94 8 1 39.60 
9.20 5 1 55.20 
8.96 5 0 46.80 
8.72 4 0 50.40 
9.26 6 1 44.40 
8.10 5 1 42.00 

Table. 5 

 

 
 

END OF PAPER 
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