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Southampton Solent University 
AE 1 Assessment Brief 

Assessment Details 

 
Unit Title: Analysis & Design Optimisation 
Unit Code: DES 600 
Unit Leader: Dr. Fayyaz Rehman 
Level: FHEQ Level 6 
Assessment Title: Material Selection, Modelling, Analysis and 

Optimisation of a Pipe Reducer 
Assessment Number: AE1 
Assessment Type: Computer Based Modelling, Analysis and Report 
Individual/Group: Individual  
Restrictions on Time/Length: 2000 
Assessment Weighting: 40% 
Issue Date: Week Starting 14th November 2016 
Hand In Date: 31st March 2017 
Planned Feedback Date: Week starting 1st May 2017 
Mode of Submission: USB Stick/Hard Copy 
Number of copies to be submitted: One 

 
 
Introduction   
This assignment involves modelling, analysis, simulation and design optimisation of a pipe 
flow reducer component of a piping assembly as shown in figure 1. The piping assembly 
consists of filter, flow reducer and regulator valve. The pipe flow reducer is used to increase 
the velocity of fluid and reduce the pressure of fluid before it enters the regulator valve. The 
tasks involved in the assignment involve selection of suitable material satisfying the function, 
objectives and constraints of the problem, modelling of reducer, perform finite element 
analysis and design optimisation as well as flow simulation within the pipe reducer. 
 
Task 1 (Selection of Material) 
x Using the method adopted for simply supported beam for material selection, find the best 

material for the “Flow Reducer” by deriving suitable material property indices using 
following data 
¾ Function: Material selection for a cheap, light, stiff and strong pipe flow reducer. 
¾ Objectives: Minimise mass and minimise cost 
¾ Constraints:  

� Length of reducer is fixed 
� Must not fail under applied load 
� Must resist deformation under applied load 
� Must have adequate toughness 

¾ Assumptions: 
� For the sake of simplicity assume pipe reducer as a hollow pipe with 

uniform cross section. 
� The outer diameter D of pipe is 1.12 times of internal diameter. 
� Assume the pipe is built in (fixed) on both sides with a uniformly 

distributed load 
x Select those materials which can be “Sand Cast” using “Tree” function of CES software. 

Apply the derived material property indices in the CES software using the “Graph” 
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function and find the best material with the final criteria to be low cost. Produce a small 
report describing the whole procedure i.e. deriving material property indices as well as 
inserting screen shots from material selection. Critically evaluate your material selection 
and save all projects in the USB stick.       (25 Marks) 

 
Task 2 (Modelling, Analysis & Optimisation) 
x Model the pipe reducer according to the sketch given along with a drawing preparation on 

A3 size and save the model and drawing in USB stick     
           (10 Marks) 

x Perform FEA using Simulation Professional module of SolidWorks with following 
parameters 

¾ Apply the material selected in task 1 on the part. 
¾ Constrain the inner faces of holes on both plates as well as constraining the 

movement of outer faces plates in the direction perpendicular to faces 
¾ Apply an internal pressure of 3500 psi as shown in figure 2. 
¾ Use a finest mesh 
¾ Run the model 

(10 Marks) 
x Display graphs and images of stresses and displacements and areas where factor of safety is 

less than 3.5. Critically evaluate the FEA process in your report and include the report 
generated by software as appendix. Include the FEA simulation video clips and analysis file 
in the USB stick.          (10 Marks) 

x Optimise the design parameters using multi criteria design optimisation technique to bring 
the minimum factor of safety to 2. Identify the parameters which need to be optimised. 
Give the optimum value of these parameters. Calculate the new mass, old mass, percentage 
saving/increase in mass. Critically evaluate the whole optimisation process and include key 
screen images as well as the optimisation study in the USB stick.   (10 Marks) 

x Repeat the above procedure of FEA and Optimisation using “Copper” material as well as 
submit images and report         (10 Marks) 

 
Task 3 (Flow Simulation) 
Using the example of “ball valve assembly” shown in the class, perform flow simulation of 
water flow in the pipe reducer using the selected material in task 2 and using flow parameters 
in SolidWorks Flow Simulation Professional module:  
x Create lids of 4 mm thick on both inlet (bigger diameter) as well as outlet (smaller 

diameter) sides. Make sure that the lids are transparent and not shown during the simulation 
of flow.           (4 Marks) 

x Apply a pressure of 3500 psi (covert it to pascals) to the inlet face as well as apply 6x10-4 
m3/sec volume flow rate at the outlet face as shown in figure 3(a) and 3(b).  (6 Marks) 

x Run the model          
x Create a cut plot of velocity in top plane.       

Create a surface plot each for temperature and pressure.     
Create flow trajectories plot for velocity.      (3 Marks) 
 

x Save the animated video clips for the above mentioned plots as well as the whole project in 
USB stick.          (5 Marks)
   

x Generate a report of flow simulation using create report option of the software with manual 
addition of images of all four plots as well as critical evaluation of flow analysis from your 
side.           (7 Marks) 
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Figure 1: Piping Assembly showing “Pipe Flow Reducer” 

 
Figure 2: Pressure of 3500 psi on Pipe Reducer 
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Figure 3(a): Application of 3500 psi at inlet of Pipe Reducer 

 

 
Figure 3(b): Application of 6x10-4 m3/sec of volume flow rate at outlet of Pipe Reducer 

 
 

 

Learning Outcomes 

This assessment will enable students to demonstrate in full or in part the learning outcomes 
identified in the unit descriptors. 

Late Submission: 
Each piece of assessment can be submitted late up to maximum 5 university working days with 
a penalty of marks capped to 40%. 
 
Aggregation & Re-assessment Rules 
To satisfy professional body requirements, a minimum mark of 30% will be required in each 
element of assessment before the University’s normal aggregation provisions can be 
applied.  A different re-assessment assessment will be offered during the normal summer 
referral period under the same conditions as the first attempt. 

Extenuating Circumstances 

The University’s Extenuating Circumstances procedures are in place if there are genuine 
circumstances that may have affected your academic performance. Remember however you 

Apply Pressure of 3500 psi 

Apply 6x10-4 m3/sec of volume flow rate 
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need to be ‘fit to study’, this means that you can either submit your assessed work or 
declare extenuating circumstances, but you cannot do both. 
A summary of guidance notes for students is given below: 
http://docman.solent.ac.uk/DocMan8/OCSFile?RNS=1234570925 
 
Academic Misconduct 
Any submissions must be your own work and, where facts or ideas have been used from 
other sources, these sources must be appropriately referenced. The University’s Academic 
Handbook, includes the definitions of all practices that will be deemed to constitute 
academic misconduct. You should check this link before submitting your work. 
Procedures relating to student academic misconduct are given below: 
http://docman.solent.ac.uk/DocMan8/OCSFile?RNS=1234570157 
 
Ethics Policy 
The work being carried out by the student must be in compliance with the Ethics Policy. 
Where there is an ethical issue, as specified within the Ethics Policy, then the student will 
need an ethics release or an ethical approval prior to the start of the project. 
The Ethics Policy is contained within Section 2S of the Academic Handbook: 
http://docman.solent.ac.uk/DocMan8/OCSFile?RNS=1234569791 
 
Anonymous Marking 
A copy of the University’s Policy on Anonymous Marking, process details and student 
guidance on submission sheet completion can be found on the following links, which are also 
uploaded on the Student Portal.  The guidance ‘fact sheet’ will be available at Faculty 
Reception Points. 
 
Policy:  http://docman.solent.ac.uk/DocMan8/OCSFile?RNS=1234574213 
Process:  http://docman.solent.ac.uk/DocMan8/OCSFile?RNS=1234574215 
Fact Sheet:  http://docman.solent.ac.uk/DocMan8/OCSFile?RN=1234574214 
 
Grade marking 
The University uses a letter grade scale for the marking of assessments. Unless you have 
been specifically informed otherwise your marked assignment will be awarded a letter 
grade. More detailed information on grade marking and the grade scale can be found on my 
Course. The guidance ‘fact sheet’ is available at the Faculty Reception Points. 
 
Policy: http://docman.solent.ac.uk/DocMan8/OCSFile?RNS=1234569864  
 
Fact sheet:  http://docman.solent.ac.uk/DocMan8/OCSFile?RNS=1234576014 
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