


[bookmark: _Toc200620578][bookmark: _Toc203047432]Abstract
[bookmark: _Hlk203312060]This report proposes a Digital Angle Gauge to reduce inefficiencies in Renishaw’s CMM verification process, identifying the root cause and presenting a solution. By using a Gyroscope and an Arduino board, a Digital Angle Gauge can be created to remove human error within the process. The report shows a Gantt Chart which highlights each milestone and subtask which needs to be achieved to complete the project along with a critical path analysis showing the longest delay within the project. Finally, the risks and ethical concerns relating the project to ensure the safety of others and environmental sustainability. 
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1. [bookmark: _Toc203047433]Introduction
[bookmark: _Hlk203312078]Process Improvement Engineers are responsible for identifying inefficiencies in manufacturing and implementing innovative, cost-effective solutions to enhance productivity and reduce waste. At Renishaw, a critical application of this is within the assembly and testing of Coordinate Measuring Machines (CMMs), which are used to precisely measure component dimensions.
A crucial step in CMM testing is laser verification, which requires setting a 30mm gauge block at specific angles for probing. Currently, this setup is performed manually, often resulting in incorrect angle positioning. These errors can extend test durations by up to an hour, wasting valuable resources and reducing overall efficiency.
This project proposes a practical solution: a digital angle gauge that digitises the angle-setting process of the gauge block. Using an Arduino microcontroller, gyroscope, and LCD display, the device will provide accurate real-time angle measurements, eliminating manual guesswork.
The report outlines the current challenges, quantifies the impact of human error, and proposes an electronic solution aimed at improving the efficiency and reliability of the laser verification process. The goal is to reduce labour time, minimize test failures, and enhance the overall quality and consistency of CMM testing.


2. [bookmark: _Ref201661354][bookmark: _Ref201662830][bookmark: _Toc203047434]Problem Statement 
[bookmark: _Hlk203312091]The current Laser Verification procedure requires a 30mm Gauge Block to be set up manually using a visual gauge to allow them to align the Gauge Block to set angles. Figure 1 below shows an example of a Gauge Block set at 45°. 
[bookmark: _Hlk203312104]Because the gauge only shows 15° increments, setting non-multiple angles (e.g., 69°) is difficult. This allows for incorrect angles to be set before running the test, which then causes failures, meaning that the operator must set up the test again until the correct angle is set and the test passes. [bookmark: _Ref201049168]Figure 1 - 30mm Gauge Block set at 45-degree angle

On average, the test takes 1 hour longer to complete than it should. Renishaw calculate their costings from a set Labour Cost of £141.29 an hour. The most up to date forecast for required CMM builds per month is 11 machines per month. 
Therefore, the total cost wasted due to this test per month is shown below.



[bookmark: _Hlk203312122]Therefore, a total of £18,650.28 is wasted per year during the assembly of Renishaws CMMs. This is a huge cost saving and efficiency improvement opportunity. 


3. [bookmark: _Ref201762700][bookmark: _Toc203047435]Aim and Objective
3.1. [bookmark: _Toc203047436]Aim
[bookmark: _Hlk203312136]This project aims to reduce labour costs and improve the overall efficiency of the laser verification test by streamlining the setup process for the 30mm gauge block. By introducing a simplified and more accurate method for setting the required angles, the project seeks to enable consistent first-time test pass rates and reduce rework. This document outlines the research into potential components and technologies suitable for automation and presents a detailed plan for implementing an effective, cost-efficient solution to enhance the current testing procedure. It is important that the cost of this product is low, and it is simple to set up, this is important as the product will need to be created 10 times to ensure there is one available for every build bay in Renishaw. 
3.2. [bookmark: _Toc203047437]Objective
[bookmark: _Hlk203312148]The objective of this project is to design and develop a new jig that enables digitised angle setting of the 30mm gauge block, providing a digital on-screen output to assist operators during the laser verification test setup. The jig will display real-time angle measurements, allowing the operator to accurately and efficiently set the required angles, thereby ensuring a consistent first-time pass rate. The solution must be intuitive, reliable, and user-friendly, minimizing complexity to reduce the likelihood of operational errors and ensure seamless integration into the existing workflow.

4. [bookmark: _Toc203047438]Research
4.1. [bookmark: _Toc203047439]Problem Research 
[bookmark: _Hlk203312166]As stated, there are obvious issues with the current laser verification procedure. To gain a better understanding of why there are so many issues with this, it would be useful to firstly research how the current procedure works and what components are used in this procedure.
4.1.1. [bookmark: _Toc203047440]Current Gauge Block Bracket 
[bookmark: _Hlk203312175]Shown in Figure 1 and Figure 2 below is the 30mm Gauge Block positioned in the bracket. [bookmark: _Ref201661208]Figure 2 - 30mm Gauge Block

[bookmark: _Hlk203312189]As shown in Figure 2, the bracket has a thumb screw on the side which is used to secure the Gauge Block into position. A clear issue with using the thumb screw to secure the Gauge Block into position is the sensitivity of movement, the looser the thumb screw is then the looser the gauge block will be which will then cause inaccuracies when setting the Gauge Block Angles. 
Figure 2 also shows the Angle dial, which only shows angles between 0° and 90° in 15 °increments. When needing to set an angle of 69° this will be extremely difficult to gauge by eye. 
From simply examining the bracket, it is clear to see how this process has had so many inefficiencies and why it is difficult to accurately set angles. This has highlighted specific areas for improvement in the process.
4.2. [bookmark: _Toc203047441]Gyroscope
[bookmark: _Hlk203312203]Gyroscopes use Coriolis forces or vibrating structures to detect changes in orientation. This type of sensor detects angular velocity, or the rate of rotation around an axis. To calculate the change in angle, a gyroscope measures an object's angular velocity, which can then be integrated over time. Applications requiring real-time tracking of movement or orientation are best suited for these small sensors. To detect the gauge block's angular location during setup, the gyroscope will need to be installed on the bracket. The device can show the current angle on an LCD screen by using a microcontroller to analyse the gyroscope's data. This eliminates the need for manual estimation and helps the user align the block properly.
	Advantages
	Disadvantages

	Small, lightweight and simple
	Requires calibration

	Compatible with microcontrollers
	Sensitive

	Real-time feedback and high responsiveness 
	Measures angular velocity, not absolute angle

	Cost effective
	Requires Integration for better accuracy 

	Durable
	Accuracy is dependent on noise


[bookmark: _Ref202704145]Table 1 - Advantages and Disadvantages of Gyroscope
Table 1 shows that although gyroscopes have drawbacks, like drift and vibration sensitivity, their advantages make them ideal for our purpose. Their compact size, affordability, and capacity to deliver real-time angular data are all in line with the design objectives of enhancing gauge block accuracy and setup simplicity. The drawbacks can be successfully controlled with the right calibration and filtering methods, which makes the gyroscope a useful and effective option for automating the angle-setting procedure [1-2].
4.3. [bookmark: _Toc203047442]Arduino Microcontroller
[bookmark: _Hlk203312234]With its user-friendly hardware and software, Arduino is an open-source electronics platform that makes microcontroller programming accessible to both novices and experts. Microcontroller development boards, like the Arduino Uno or Nano, are the foundation of the Arduino ecosystem. They provide serial communication interfaces, digital and analogue input/output ports, and a USB port for programming. These boards' adaptability, robust community, and interoperability with a variety of sensors and modules make them perfect for embedded system development and prototyping.
The Arduino will act as the project's main control unit, processing gyroscope sensor data and displaying the determined angle on an LCD screen. It works well for the compute, control, and real-time data collection activities needed in positioning systems. Its availability of libraries and tutorials, along with its simplicity of interface with devices like gyroscopes, significantly reduces technical hurdles and speeds up development time.
	Advantages
	Disadvantages

	Easy to programme
	Limited processing power

	Extensive online documentation
	Not suitable for highly complex tasks

	Affordable and readily available
	Basic boards

	Widely compatible 
	Limited power management 

	Multiple models 
	Limited memory 


[bookmark: _Ref202706701]Table 2 - Advantages and Disadvantages of Arduino Microcontroller
Table 2 shows that Arduino microcontrollers are perfect for small to medium-sized embedded systems and quick prototyping because they provide a good mix between affordability, simplicity, and diversity. Although they have memory and processing capacity restrictions, they are not important for this project because it only includes simple data gathering, computation, and presentation. Arduino is a sensible and effective option for building a digital angle gauge system because of its large community support, pre-existing sensor libraries, and simple interface with components like the gyroscope [3-4].


5. [bookmark: _Toc203047443]Product Design and Specification
5.1. [bookmark: _Toc203047444]Working Principle
[bookmark: _Hlk203312257]The product design will successfully meet the project aim and objectives, by using a Gyroscope to read the angle of the Gauge block which will then be converted to a readable value on the LCD by the Arduino microcontroller it will allow the operators to set the gauge block more accurately than by eye. The Gyroscope will output angles on the XYZ which will allow the operator to match the reading on the LCD display to the required angle shown on the working instructions. 
5.2. [bookmark: _Ref202966107][bookmark: _Toc203047445]Circuit Design[bookmark: _Ref202768163]Figure 3 - Schematic Diagram for Digital Angle Gauge

[bookmark: _Hlk203312267]As shown in Figure 3, each of the Inputs and Outputs have been clearly labelled and the connections identified. There is also a variable 10kΩ Potentiometer and a 220Ω resistor. The purpose of the 220Ω resistor is to limit the current to the LCD backlight and the 10kΩ Potentiometer will allow for adjustments to be made to the contrast of the LCD. The only component missing from the schematic is the on and off switch, this is due to the Arduino directly receiving the 5Vdc input as shown in Figure 4. 


[bookmark: _Ref202771177]Figure 4 - Arduino Uno R3

5.2.1. [bookmark: _Toc203047446]Circuit BOM and Cost
	Item
	Supplier
	Supplier Part Number
	Cost

	Arduino UNO R3
	Farnell
	2075382
	£17.14

	Displaytech 16x2 LCD
	RS
	210-9029
	£14.05

	MPU6050
	The Pi Hut
	SEN0142
	£12.40

	Cable
	SMC
	SY100-30-4A-15
	£1.48 (Per length)

	10kΩ Potentiometer
	RS
	729-3640
	£1.76

	220Ω Resistor
	RS
	707-7612
	£0.145

	
	
	Total:
	£46.975


[bookmark: _Ref202790300]Table 3 - Bill of Materials and Costings for Digital Angle Gauge
Table 3 shows the Bill of Materials required for the digital angle gauge components. The total cost, rounded up, equals £46.98. Ensuring that each of these items are supplied by a trusted source will ensure that components can be obtained in the future, if spares or replacements are required. 

6. [bookmark: _Toc203047447]Tasks and Planning
6.1. [bookmark: _Toc203047448]Gantt Chart
[bookmark: _Hlk203312289][image: A screenshot of a computer

AI-generated content may be incorrect.]Below in Figure 5 is a Gantt chart, which is a useful tool used to maintain deadlines and allocate time to tasks. This chart shows the determined timescale for Designing and creating the product.
[bookmark: _Ref202963016]Figure 5 - Gantt Chart for Digital Angle Gauge Project Proposal
[bookmark: _Hlk203312307]The milestones for the project are in bold, with a larger date range showing the progress of each milestone. Beneath each milestone is a breakdown of the tasks showing what is required to achieve them. Using the Gantt Chart has also allowed for tasks to be allocated to other members of the team. This is shown by assigning their initials next to the task. A progress bar also helps to visualize whether tasks are to be finished on time.
6.2. [bookmark: _Toc203047449][image: A diagram of a diagram

AI-generated content may be incorrect.]Critical Path Analysis[bookmark: _Ref202964400]Figure 6 - Critical Path Analysis for Digital Angle Gauge

Figure 6 shows the critical path analysis for the project. This helped structure the Gantt Chart as it allowed for the number of days required to complete the task to be allocated to each milestone. As shown by the red arrows, the longest path contains circuit design and circuit housing, with a total of 22 days required to complete these tasks. This allows for more flexibility when writing the Arduino programme as there is an additional 9 days before the prototyping will be required. When comparing the timeframes of the Gantt chart in Figure 5 to the Critical Path Analysis, the Gantt Chart looks longer due to the weekends not being accounted for. From looking at the Critical Path Analysis, the project is predicted to be completed in 49 working days. 

7. [bookmark: _Toc203047450]Risks and Ethics
7.1. [bookmark: _Toc203047451]Risks 
[bookmark: _Hlk203312336]There are many factors within the project which could be classed as a risk. Firstly, electricity can be dangerous and has the potential to kill people when not used safely or correctly. As per HSE, an extra low voltage circuit has the potential to overheat and cause burns. By ensuring a suitable cover is manufactured to house the electrical components, it will ensure that the user is safe from contact, minimising electrical injuries and safe from burns due to overheating components [5]. 
The second risk area is the integration with the machinery and the moving machinery parts whilst carrying out the testing procedure. This will be considered in the creation of the product as long cables could cause the work area to become untidy and cause cables to tangle with machine parts. As well as this, if the cable is too short then it might not allow the user to position it properly or move it away from the moving parts, which could also be an issue. To overcome this, it will be important to ensure that the cable is set to a suitable length with these points considered. 
The third risk to consider is the housing style and shape. This will be a commonly used product, used by many people in the department. It will be important to consider the material used, if it is too heavy, some users may find it difficult to attach to the Gauge Block, therefore a lighter material should be used. As well as this, the design shouldn’t include any sharp edges, as this could injure the user. 
The final risk to consider is component manufacturers. If the components are purchased from cheap non reputable manufacturers, then it may cause a great risk to the reliability of the product this could then have a knock-on effect on the company and cause greater issues later on. This could result in the company having to spend more money to correct issues caused by the product. 
7.2. [bookmark: _Toc203047452]Ethics
[bookmark: _Hlk203312349]As the product is saving the company money, the correct thing to do is to ensure that all team members are given credit for their roles in the project, which will ensure that any deserved praise is given to those who deserve it. As well as this, by ensuring that credit is given to all involved, it also ensures that there is an aspect of accountability, where if something were to be incorrect or a decision had been made but not shared with the remainder of the group, it can be traced back to the individual.
An important aspect of Engineering Ethics is ensuring that all components and materials are RoHS compliant. RoHS is a regulation which restricts the use of hazardous substances. All manufacturers, importers and distributors in Great Britain and Northern Ireland are required to comply with the RoHS regulations. This can be done by ensuring that all components and materials have a certificate of compliance. This is to ensure that the health of Humans and Animals is protected [6].
There are many global conflicts where modern technologies are used to cause harm to others, often innocent individuals. As an engineer, it would be unethical to create a product to improve the accuracy of a machine which could then be sold to a group which will use it for unethical purposes. It is important that the customers are reputable and have good intent to ensure situations like this do not occur, and the products the company manufacture are not used for unethical acts. 


8. [bookmark: _Toc203047453]Expected Outcome
[bookmark: _Hlk203312359]Throughout this report it has been highlighted what the issue is and a suitable solution to overcome it and improve the process has been stated. By digitising the angle gauge, the user will be able to accurately set the gauge block first time which will reduce the overall time taken to carry out the test. This will result in an annual cost saving of £18,650.28. 
With a simplistic design and working principle, the user will easily be able to operate the product. By designing the housing with a Poke Yoke concept to ensure the orientation of the Gyroscope is consistent each time it is used. 
Overall, the project is expected to be a great success and will meet all aims and objectives stated in this report. 

9. [bookmark: _Toc203047454]Conclusion
[bookmark: _Hlk203312372]To conclude, with all the information provided above, the project proposal was successful. The problem statement was detailed by showing the total amount of cost wasted due to the issue occurring. This provided good cost saving objectives and the aim to achieve a first-time pass rate on each test. 
From this, the current operation process was then investigated to determine the route cause of the failures that the operators have been experiencing. It was clear that the angles which where required to be set, could not be accurately set due to the visual gauge not showing the angles required. As a result, the idea of a digital angle gauge was determined where it would show an accurate reading for the user to follow rather than using their own judgment which led to human error. Using simple research, it was determined that using a Gyroscope and Arduino would be suitable for constructing a circuit to provide a digital reading. 
The Gantt Chart and Critical Path analysis provided a visual explanation of how long the project would be expected to take. Using a total of 49 working days to achieve each milestone and objective. Using the Gantt Chart, the progress of each task can be tracked and assigned to other team members, converting these milestones into the Critical Path Analysis, it can then be determined how long the complete task will take due to more than one milestone being worked on at a time which can visually show an accurate time for the entire project. 
Finally, the risks and ethical considerations of the project. Due to the nature of the project, it had little risks. Due to the 5vDC voltage and the small size of the required housing, there are little concerns for the risks, however, it is crucial that they are identified beforehand by carrying out a Risk Assessment with the group to gain input from everyone on the potential risks. Ethical concerns are also determined to ensure that the product won’t cause any issues to the user’s health and safety and will promote a better work environment and global effect. 
As a result of the proposal, it is believed to be a great success in the process and will improve the verification test. The next step of this proposal is to now create a presentation to ensure that all stakeholders agree with the points made and are happy to fund the project. 
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Circuit Design Schematic
[image: ]

Arduino Programme
#include <Wire.h>
#include <LiquidCrystal.h>
#include <MPU6050_light.h>
 
// Initialize the MPU6050 sensor
MPU6050 mpu(Wire);
 
// Initialize the LCD screen (RS, E, D4, D5, D6, D7)
LiquidCrystal lcd(7, 8, 9, 10, 11, 12);
 
void setup() {
  // Start the I2C communication
  Wire.begin();
  // Initialize the MPU6050 sensor
  mpu.begin();
  }
  // Initialize the LCD screen
  lcd.begin(16, 2);
  lcd.print("X Y Z Rotation");
}
 
void loop() {
  // Update the MPU6050 sensor data
  mpu.update();
  // Calculate X, Y, and Z rotation angles
  float xRotation = mpu.getAngleX();
  float yRotation = mpu.getAngleY();
  float zRotation = mpu.getAngleZ();
  // Map angles to 0-360 range
  xRotation = xRotation < 0 ? xRotation + 360 : xRotation;
  yRotation = yRotation < 0 ? yRotation + 360 : yRotation;
  zRotation = zRotation < 0 ? zRotation + 360 : zRotation;
  // Display the angles on the LCD screen
  lcd.setCursor(0, 1);
  lcd.print("X:");
  lcd.print(xRotation);
  lcd.print(" Y:");
  lcd.print(yRotation);
  lcd.print(" Z:");
  lcd.print(zRotation);
  // Delay for a short period
  delay(500);
}


Gantt Chart

[image: A screenshot of a computer

AI-generated content may be incorrect.]

[image: A diagram of a diagram
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