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Assignment Task   
You are managing a project team that has identified a capital investment project that you.
want to champion within your organisation. The identified project will: -
• bring an innovation change to your business. 
• add value to a current process within your business.
• bring more productivity through efficiency improvements within your organisation.
Since identifying this opportunity, you have been asked to present your project to your
senior management team highlighting the cost of the project and the expected.
improvements it will bring to your organisation.
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Introduction
This assignment will review the proposed introduction of the industry 4.0 technologies to automate the measurement process of airway manufacture, a critical step in the manufacture of automotive radiators & condensers.
The current process requires operators to manually measure the formed airways at set frequencies at start of production and after the raw material coils are changed. 
This presentation will: -
· Describe the current process, outlining identified weaknesses.
· Describe the proposed improved process. 
· Outline the improvements in productivity through efficiency improvements.
· Demonstrate the finance benefits to the proposed new process. 
· Cost of Project
· Any issues that implementation will cause.
· Rational for costing project
· Payback
· Positive NPV from a WACC of 6%
· Introduction timings 
· Review available funding options.
· Conclusion and recommendation 











Measurement System Case Study                                                                                                                          
First a brief description on how a radiator is made.
 A car radiator is made in three stages: -
1.	Core manufacture, where aluminium raw materials in the form of thin coils or components are assembled into a ‘Core’ and held in clamp until brazed. There is a dedicated machine used to manufacture the radiator core using aluminium coils to produce the airway or fin and also forming aluminium coil into the tube components, which are sequenced to build the basic core. Aluminium pressed components in the form of tube plates and side casing are fitted to the basic core prior to a clamp being fitted to complete the core assembly.

2.	The clamped core assembly is then brazed in a furnace- taking the aluminium core assembly to just below their base metal melting point, then are rapidly cooled to allow melted braze layers (thin coating on either side of the base metal) on components to solidify.    

3.	 After cooling, a rubber seal and plastic tank are fitted using a clenching technique, the completed radiator is then leak tested to confirm there are no leaks. 

Fig 1 shows the construction of a typical car radiator.      The height of the airway is a critical control to ensure defects are eliminated and this project looks to automate this process.
[image: ]
Fig.1 (Marelli, 2023)
In this activity we are looking at the manufacturing process to make the airway
The current process to manufacture the airway is to cut louvre angle at a set angle (24 ° ± 2°) as shown on the example airway drawing shown in Fig 2
[image: ]
Fig 2 (Marelli 2020).
After the louvres have been cut the airway is formed into the correct profile and height.
And then cut to the correct length. 
If the airway height is too high it will cause the airways to be crushed in the core and the core would be rejected as a defect and if the airway is too low the airways will not bound to the tubes during the brazing process and the core would be rejected as a defect, so controlling the height of the core is a critical step in the manufacturing process. The traditional way of measuring the airway height is for the operator to use a dial test indicator to manually measure the airway height and record the reading on the control document.




The current process consists of the following process steps: -
1. At start of production, samples are diverted to a dedicated area on the airway machine to enable first off measurement.
2. These samples are then collected and transported to the designated quality control station.
3. A Dial Test Indicator is used to measure the airway height (See figures 3 [ extract from MLUK SOS 1214])
4. The observed height is written on a unique Quality Control Record Sheet, which references the correct tolerance limits.
5. If the airway is within tolerance, the production run is started; otherwise, the airway height is adjusted
6.  Layered process audits are conducted to confirm that the correct process for measurement recording is observed.
[image: ] Close up of  Airway Showing Precision louvres cut into airway
Photo of close up of measurement method
[extract from MLUK SOS 1214]

Figure 3 (Marelli, 2020)
The following weaknesses were observed with this measurement method: -
· Reading accuracy inconsistency due to different operator skill levels
· No evidence of “reading data control” (e.g., operator zeroing the DTI prior to use) 
· Potential delay from the production of non-conforming component to the physical measurement of parts. 
· If there is a delay in measurement, then defects may not be identified in a timely manner, with the potential for excessive levels of defective parts to be made.
· Operator negligence (not conducting measurements, but recording factious readings)
· Calibration of measuring equipment to confirmed accuracy prior to use leading to false readings.
· Major on cost of rejects if not identified immediately. 
· Potential to use defective airways and only then identify an issue after the assembly and braze process (several upstream processes later)

The proposed best practice system introduction would follow these steps: -
1.	Optimise current process (you don’t want to get better at producing defects)
2.	Introduce in-line measurement system as a pilot standalone system
3.	Analyse data to set up predictive maintenance markers
4.	Network to maintenance MP2 system to automate predictive maintenance flags
5.	Introduce in-line measurement systems on additional core build machines
6.	Network all measurement systems to conduct trend analysis on the factory as a system
Initial meeting to discuss this project with management, project approval was only given to review & investigate to pilot stage only. 
Therefore, the expected cost reduction from predictive maintenance saving are not included in the project and only
The cost reduction in measurement time & defect reduction are included in this report.
The financial benefits to the proposed new process
New system costs Keyence £14,224.80 Marelli Installation & misc. costs £775.20 Total New system Cost £15,000
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Figure 4 (Keyence, 2023)
The financial benefits to the proposed new process 
New system costs   £15,000
                                                                  
                                                 Current Costs due manual measure method & associated defects
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New system costs   £15,000                                  Payback and NPV calculations                                                                  
[image: ] 
Funding method- Marelli Management have stated during project review funding would use Marelli Capex to finance this project.
It has been emphasised the cost reduction on using the data collected for Predictive Maintenance would generate greater saving than the scrap reduction & lost production time used for costings in this report. 
Rational for costing project
For Project Investment appraisal, there are two categories used –
Non-Discounted cash flow techniques, which include Payback period and Accounting Rate of Return method. 
Discounted cash flow method includes Net Present Value (NPV) method, profitability index (PI) method and Internal Rate of Return (IRR).
The key difference between discounted and undiscounted cash flow is that discounted cash flows are adjusted to include the time value of money, whilst undiscounted cash flows are not adjusted to include the time value of money.
On this project Payback has been used as the non-discounted appraisal method.
Payback is calculated by dividing the amount of the initial investment by the annual cash flow / benefits from the project.
Payback Period = Initial investment / Cash flow per year
Figure 5 show a screenshot of the Payback period calculations for this project in excel.
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Fig. 5 (Davies 2023)
The pro and cons of using Payback appraisal method. 
Pros
	Easy to use & calculate.
	Fast to conduct appraisal
	Show liquidity status in the calculations.
Cons
	Does not consider future value of money.
	Prioritises Liquidity at the cost of profitability. 

On this project Net Present value (NVP), has been used for the discounted appraisal method.
Using Net Present Value (NVP) appraisal method, the current or present value of your cash flow are calculated and the cost of the required rate of return is used as discount rate. The positive present value of all inflows over present value of initial investment is equal to net present value of the investment made.
Net Present Value is calculated by: -
 Identify all cash inflows and cash outflows.
  	Determine an appropriate discount rate (r).
    	Use the discount rate to find the present value of all cash inflows and outflows.
    	Take the sum of all present values.
And can be expressed in the formula shown below: -
Net Present Value = Present Value of Cash inflows – Cost of Initial Investment
NPV = C1 / (1+k) + C1/ (1+k)2 + C1/ (1+k)3+ ………….+ CN/ (1+k)N – Co
Where NPV: Net Present Value
	Co = Initial cost of Investment
	C1, C2…CN = Cash inflows in period 1, 2 …N
	K = Coast of capital

The NPV method shows the chances of a project becoming profitable and also gives a comparison to alternatives projects. If there are several opportunities for investigating in different projects. The general rule is -When a project has a positive net present value, it should be accepted. If negative, it should be rejected. 
Using Net Present value (NVP) to compare projects with positive NPV values the higher discounted values should be the project approved.
NPV shows the time value of money and is used to compare the rates of return of different projects, or to compare a projected rate of return with minimum rate of return required to approve an investment, (sometimes called the hurdle rate).
The time value of money is represented in the NPV formula by the discount rate, which might be the minimum rate of return required for a project based on a company’s procedures concerning cost of capital. A negative NPV shows that the expected rate of return will be negative, meaning that the project will create no financial value, although there may be other reasons to progress with the project.
The discount rate is the key to the Net Present Value formula. If the interest rates are positive, a pound today is worth more than a pound in the future. Inflation erodes the value of money over time. (Fernando, 2023)
There are a number of ways to calculate Net Present Value (NPV)
i) Use of pre calculated tables.
ii) Microsoft Excel (Calculated)
iii) Microsoft Excel (Formulas)

i) There are printed tables published by The Chartered Institute of Management Accountants 2010. These tables give Periods (n) [Timescale] in the rows and Interest rates (r) in the columns with Periods ranging from 1 to 20 and the interest rates of 1% to 20%. The associated value from the table is use as a denominator, which is multiplied by the present values to calculate the future value. Another name given to the interest rate in the tables is weighted average cost of Capital adjustment (WACC). Shown in Screenshot figure 2.
[image: ]
 Fig. 6 (Davies, 2023)

ii) In Excel the Net Present values can be calculated using Present Value to Calculate NPV
Using the figures from the project the project will need an initial outlay of £15,000 in year zero. From the second year (year one) onwards, the project starts generating inflows of £4,913.42. The WACC used by Marelli as the discount rate when budgeting for this project is 6%.  Calculations shown in screenshot figure 3.

[image: ]
Fig. 3 (Davies, 2023)
iii) Using the NPV Function to Calculate NPV
The second Excel method uses the excel NPV function. This needs the WACC and the series of cash flows from year 1 to the last year. 
The result using the NPV function for the example comes to £20,697.13, to compute the final NPV, subtract the initial investment from the value obtained by the NPV function. NPV = £20,697.13 - £15,000 giving the NPV = £5,697.13

The Excel function value matches that obtained using the first method.
[image: ]
There are Pros and Cons of the using these two excel methods.
Method 1
Pro
Used for modelling as calculation easy to check.
Con
Manual inputs are time consuming & could lead to input errors.
Method 2
Pro
NPV function method is simpler, requires less effort and gives better view of after-tax cash flows over the course of the year. 
Con
 NPV function method assumes that all cash flows are received at the end of the year. Also, as Excel function, it’s hard to cross examine calculations.
(Cheusheva, S. 2023). 






















Introduction timings 
Project timescale
The calculated timescale for this project is 5 weeks from time of order with Keyence. This is made up of 4-week delivery lead time from Keyence and one week installation & initial training. The timing plan for this project is shown in figure 4.

 
Figure 8 (Davies,2023)

The main areas of the time plan are shown below.
[image: ]
Figure 9 (Davies, 2023)





Review of available funding options
Marelli management stated at the initial project review meeting that the source of funding for this project would be internal via Marelli Capex system.

This did not allow for further investigation into funding methods, i.e., internal or external funding or for the key funding areas to be investigated – namely
· How much & how quickly would funding be require.
· How long would funds be needed?
· Review of finance sources
· What is risk assessment for of project?
· Type of ratios & business control & management
(CFI, 2023)




















Conclusions and Recommendations
 It has been recommended to Marelli Management to proceed with this project. Not only will there be the cost avoidance savings outlined in this report, but it would also allow for development of a data network if the original prototype trial were to be expanded to cover all twenty core build machines within Marelli Llanelli plant.
This would then allow for data trend analysis techniques to be introduced and predictive maintenance to be implemented, which would lead to much greater cost avoidance savings then the initial airway measurement trial.
Networking the measurement systems would also allow for best practice settings & operating procedures identified on one core build to be transferred onto all other core builds. Using the collected data would also allow for the construction on offline simulation models (Digital Twins) to be constructed to trial process changes, which would be impossible to run on the actual equipment. 
The downsides to the introduction of industry 4 technologies are with its reliance of greater amounts of computer software and hardware, is the increasing the risk of cyberattacks, which could have devastating effects on all networked equipment, so with the greater use of these types of technologies, cyber security must be the main consideration. Another issue is technology replacing humans in the workplace leading to resentment & hostility to change and it has been recently stated with the use of artificial intelligence, it could lead to an industrial elite of companies profiting from the use of these new at the expense of companies that don’t have access to these new technologies.
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