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Abstract
This report uses a range of tools to solve a dimensional measurement uncertainty, specifically, associated with tensile testing. The following demonstrates that the type of equipment selcted for cross sectional area measurement use, can have a direct impact on the dimensions that are recorded, thus, a mechanical property value was observed. Background research and a literature survey delivers an insight into a complex area of testing and a range of recommendations are generated after statistical analysis, and steel processing considerations are thoroughly explored.
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Introduction 
Destructive testing can be very rewarding to be involved with. It can also, on occasion, be quite a challenge. There are a number of factors which individually are negligible. Almost not noticed. These same minor issues, when occuring in conjunction with another can present challenges that involve a thorough troubleshooting process. This report is the investigation into one of those challenges. There was a discrepancy with dimensional values recorded on hand held measuring devices and automatic measuring devices. This report explores all of the possibilities that may be responsible for this inconvenience. This report adresses how measurement uncertainty can impact mechanical properties during tensile testing, and searches to employ standardisation, and promote a Lean Manufacturing approach at the Metallurgical Laboratory, Strip Products, UK.

1.0 Main Body

1.1 Reasons for and Relevance of the Project

This project was carried out for Tata Steel Strip Products UK at the Port Talbot and Llanwern sites, in the Technical Laboratories department, Metallurgical Laboratory.
 
For the purpose of this report the Metallurgical Laboratory will be referred to as the Met Lab.

After conducting a number of continuous improvement activities at the Met Lab, a number of concerns were highlited and assigned to an individual or group to investigate based on the particular strengths of the technicians involved in the improvement process.
 One of the issues highlited was the variation between the thicknesses recorded on the production line and the thicknesses recorded in the laboratory.

The purpose for taking a measurement at the production line is to check that the material is within tolerance of the customer specification i.e. within the upper and lower control limits. This data is then recorded on the “mainframe”. For the purpose of this report the mainframe is a type of software that operators use to manage most aspects of strip steel manufacture, from the first instance of hot-rolling, right through the process to dispatch of the finished, galvanised product to the external logistics department.

The purpose of taking the thickness that is recorded in the laboratory or the Met Lab, is because the tensile testing standard dictates that three measurements shall be taken across the parallel length of the tensile test, then the mean average of those results shall be used for the cross-sectional area (which will be referred to as CSA) and mechanical property calculations.
The two, main mechanical properties that are affected by innacurate CSA measurements are yield strength (which may be referred to as  proof strength or RP0.2% in some statistical anaysis or process control exercises) and the ultimate or maximum tensile strength, which will be referred to as UTS. These mechanical properties are a very improtant factor for consideration, when a customer decides on a product for procurement. It can also have an impact on other mechanical properties.
 
The reason for this project is to investigate the difference between the measurements recorded at the production line and the the measurements taken in the Met Lab facility. This project will also consider other factors that can have an impact on mechanical properties, whilst tensile testing.
1.2 Aims and Objectives

Investigating automatic measuring devices versus hand held devices when calculating cross-sectional area when applied to tensile testing. Cross-sectional area shall be referred to as CSA for the purpose of this report.

· Understand process already in place using Process Flow diagrams, FMEA and control planning.

· Investigate and impliment change through other Lean Manufacturing techniques.

· Check existing standard operating procedures (SOP) for both measurements and competency.
· Investigate and understand why there is a difference between the thcknesses recorded at the production line and Met Lab.

· To carry out mechanical property analysis.

· To collect dimensional and mechanical property data for analysis.

· To carry out statistical analysis (SPC) from the data compiled.
· Work with Quality Assurance and design an appropriate Measurement Systems Analysis.

· Conduct a Round Robin exercise (reproduceability and repeatability).

· To investigate the methods used to obtain thickness measurements i.e automatic versus manual method.
· To understand calibration methods and Manufacturing/Met Lab compliance.

· To understand variables when considering automatic and manual measuring methods.

· Consider a range of steel grades when conducting experimantal analysis.
· Consider material chemistry and composition.

· Consider the influence the manufacturing process can have on mechanical properties.

· To investigate a number of factors that can influence mechanical properties.

· Assist in better understanding for both the manufacturing area and the Met Lab.
· Work closely with internal customers and other cooperating facilities to reinforce and clarify findings.
· Use academic literature to properly explore and reinforce project objectives.

· Reasearch literature and reference approriately.

· Make recommmendations or improvement suggestions based on findings.
1.3 Timescales and Provisional Work Plan
The issue was initially raised in June 2017. It was first noticed by a member of the ZODIAC (Zinc and other developments in alloy coatings) Technical Team. There were a significant number of yield strength failures which were brought to the individual’s attention and questioned. 

Upon investigation there was a trend that had been developing over the course of a few months. It could be viewed on the mainframe that results recorded on the production line were between 0.01-0.11mm higher than the results recorded in the Met Lab, particularly lower in the tensile testing equipment at the Llanwern testing facility.


It was agreed that these results would be monitored closely going forward and considerations would be made.


Unfortunately, the CNC milling machine at that site malfunctioned which meant that all material produced at Llanwern would need to be tested at the Port Talbot testing facility. This meant that the monitoring of the generally more problematic testing area couldn’t be started right away, but gave a grace period for designing a control plan for this issue.


A new milling machine was fully commissioned and ready for use in September 2017. There was an element of re-training and competence to be carried out on the new equipment. Testing was planned to recommence in October 2017. Procedure reviews for both areas were planned to be carried out in October and November. Any issues highlited were to be properly reported in a document change request, and new Standard Operating Procedures (SOP) were issued accordingly. Process flow was also to be reviewed in October and November to better understand the process, particularly impact on mechanical properties.

Time in December was to be spent gathering together relevant academic literature and organisational documents, particularly in Quality Management Systems. This time was also to be spent making a network of colleagues to support the investigation and to give guidance if necessary. 

January 2018, was when the first draft should start coming together. Data from properly designed experiments was to be obtained and analysed. Based on the findings of the analysis, February was a time for further investigation and findings to be appraised. Recommndations would also be made during this time, in the final version of this report. Finally, May 2018 is the completion deadline for the poster and oral presentation to complete the “Major Project”.
1.4 Background Research at Commence of Project

Initially, a number of training courses had been attended for process knowledge. Previous academic studies will also add value for background research, particularly ferrous metallurgy, manufacturing process, lean manufacturing and lean six sigma. Another vital part of information carried out, early on was previos project work and colleague interviews.

1.5 Details of Facilities Required

In order to collect sufficient data, a large number of experimental tests were carried out at the Met Lab at Port Talbot and Llanwern. Once the data was collected it could then be analysed in the office using computer software. Sample preparation took place in the Machine Shop using mechanical saws, hydraulic shears and CNC milling machines. Measurement confirmation and dimensional comparison, along with the mechanical property analysis, was carried out in the Test House.

Also, for the purpose of the Round Robin Study, additional tensile frames and testing facilities were used, primarily at the New Product Development and Management department at Port Talbot. Shotton Steel Works and Swansea University also took part in the study.
 Data Analysis was carried out from the workplace office, home and the facilities made available at UWTSD engineering campus.
1.6 Cooperative Industrial Partners

Cooperative industrial partners are:

· Indentec

· Instron

· UWTSD

· Swansea University

· Tata Steel-Metallurgical Laboratory, Product Development (R&D) and ZODIAC

1.7 What is Tensile Testing?

There are two main methods of analysis to obtain mechanical properties- non-destructive testing and destructive testing. Tensile testing is a destructive test designed to obtain a number of mechanical properties. The desireable mechanical properties are:

· Ultimate Tensile Strength (UTS) - This is the maximum load the specimen sustains during the test. The UTS may or may not equate to the strength at break

· Yield Strength (Proof Stress or RP0.2%) - the stress applied to the material at which plastic deformation starts to occur while the material is loaded.
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Figure 1

· Plastic Strain Ration (R-value) - measurement of the drawability of a sheet metal. It measures the resistance of a material to thinning or thickening when put tension or compression. R-value is a very important material property to understand for materials that will be formed into various shapes in their end use (Instron, 2018).
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· Strain Hardening Exponent (N-value) - metal’s response to cold working. Cold working is the plastic deformation of metal below its recrystallization temperature
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Where σ and ϵ represent true stress and true strain respectively  (Zwick Roell Materials Testing Systems, 2018) and can be calculated using the equations below:
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Where S = engineering stress and e = engineering strain

Putting the first equation in logarithmic form:
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The strain hardening exponent ‘n’ can thus be determined from the slope of the logarithmic form of the true stress versus true strain curve within the plastic region (Instron, 2018).
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Figure 2


· Young’s Modulous (E-mod)- measure of the stiffness of the material, but it only applies in the linear region of the curve. If a specimen is loaded within this linear region, the material will return to its exact same condition if the load is removed (Instron, 2018)

· Bake Hardening (BH) - the inrease in yield strength via heat treatment. Most methods include an element of work hardening, followed by heat treatment. This is because a BH product would be expected to be formable then to enhance strength properties  (USSSteel, 2017) in secondary painting and curing processes.

Tensile test analysis, is the preffered method to obtain this particular group of mechanical properties. Tensile testing is carried out on a frame. The frame is made up of a number of components, which are fundamentally, straight forward, however, the component’s functions operate by a sensitive assembly of hydraulics, pneumatics, electronics and mechanics. A few examples of a variety of frames, below:
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Figure 3

As you can see they exist in a variety of appearances but the principles remain the same. A specimen, which can be a variety of shapes, materials and sizes, is loaded into a set of jaws. For the purpose of this report, we will be testing only prepared steel strip, which has been milled to a “dog-bone” shape, as set in the testing standard (ISO 6892-1:2009en) (Standardization, 2009) :
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Figure 4

In order for testing to be valid the machine needs to be in compliance. (ASTM, 2010)  The frame must be purchased with a validation certificate. The equipment then needs to be commissioned and checked for compliance, and to calibrated annually, or if the machine is moved from the fixed location or experiences an unplanned shock or vibration, this too warrants a calibration check before the equipment is once again, comlpliant. A standard reference check is also required before each use of the equipment after a period has passed.


Aside from compliance “pre-flight” checks, there are also testing requirements. The testing requirements dictate that the test specimen shall be placed in the jaws unilaterally, thus, totally vertical; as even the slightest gradient can cause servere variations in plastic strain ratio. The bottom jaw is always fixed. This is because it is designed to take the weight of the specimen that is being tested. The top jaw moves away, vertically from the lower jaw.
This is how the “strain” or force is generated for a tension test. The force is measured by an intricate device, known as a load-cell. A load cell is capable of micro-measurements with forces <20N and thicknesses as low as <0.01mm. Contrary to that, it is not uncommon for frames to be manufactured >100kN. This is how the E-mod, UTS and RP0.2% is aquired using calculation:
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Another measurement device that a tentile frame shall be equiped with is a set of extensometers. An extensometer will work in a pair, and similarly to how the bottom jaw is stationary, the bottom extensometer is also mechanically fixed in place once it has found its datum (statrting position on the Z-axis). While the top-jaw moves vertically away, the top extensometer will move to match the extension generated, consequently measuring the separation as accurate as 0.01mm+/-1% of indicated value-a highly accurate and invaluable piece of tensile testing equipment.
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Figure 5

There is also a transverse extensometer which works in the same way as the regular pair of extensometers. The principle is identical but the application is opposite. The transverse measures the reduction in CSA and is fixed in place and the pair also measure the reducion in CSA but as the extension occurs, which combined generate the r and n values that are desired.

The original CSA is calculated by measuring three thicknesses and three widths, across the gauge length. The gauge length (Figure 4) is the original length that the extensometers are set to before any extension takes place. The mean average of three results for each, the thickness and width, is taken to calculate the CSA.
These dimensions are of tremendous importance as this represents an accurate quantity that is entered into the calculation for mechanical property analysis results. These deimensions are taken traditionally using a micrometer or vernier callipers. 
1.8 Products Tested at Strip UK

Tata Steel Strip Products UK is based primarily at South Wales. There are two main in facilities or “sites” that make up the HUB. These are Tata Steel Port Talbot and Tata Steel Llanwern, sites. The Instron fleet are spread across the two locations and are responsible for testing all material that is manufactured at the HUB. The products include:
· Hot-rolled

· Hot-rolled pickled

· Cold reduced

· Hot-dipped galvanised.


There are more products further upstream,  (Tata Steel, ) that are manufactured within the organisation, but are not relevant for the purpose of this report i.e. colour coatings, tubes or the tin-plate line at Trostre, which is also in South Wales. These “upstream” products are not testing at the HUB and bear no significance to the analysis or investigation.
All of the material produced at strip products falls into one of the above, four categories. The manufacturing lines are continuous strip, and all of the finished products are between 0.6-16mm. Products ouside of these dimensions will generally be from another part of the organisation. All of the products that are produced at Strip UK are capable of being tested on the Instron fleet as they are capable of testing ~17mm high strength steel. The hand-held measuring devices are capable of measuring up to 30mm. The automatic measuring devices can measure up to 70 mm both in thickness and width, which means both methods should be suitable for use in the application of calculating tensile specimen CSA.

1.9 Measuring Devices currently in Use
There is a variety of equipment available for measuring cross sectional area, but the most improtant consideration is that the tensile specimen thickness must be measured accurate to 0.001mm and the tensile specimen width must be accurate to 0.01mm. These engineering tolerances determine which dimensional measuring equipment is selected. Typically you would expect to use a micrometer for thickness (Figure 6), coupled with a vernier callipers for the width (Figure 7). 
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Figure 6
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Figure 7
Some other alternatives can be hand held (manual operation) or autonomous (automatic operation). The operator controlled dimensional measurement instruments depend on a number of variables for accuaracy, such as proper validation, equipment selection, operator experience and variation in mutiple operator usage. The automatic measuring devices depend on correct comissioning, proper calibration, multiple utility supplies and maintenance/housekeeping schedules to prolonge the components. Although generally very accurate the precision can wander (Conway, 1996), due to equipment “drift”, whereas the hand-heldmeasuring devices have a better accuracy with less precision (Figure 8).
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Figure 8

 The automatic device that is in question is the “Gage-check” by Heidenamm (Figure 9).
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Figure 9

It is a superior piece of equipment with extraordinary capabilities (Heidenhain, 2018): 

Table I

	Functions
	· • Part programming of up to 100 parts

· • Graphic display of measurement results

· • Sorting and tolerance checking using tolerance and warning limits, with display as a bar graph

· • Measurement series with min. /max. value storage

· • Mathematical and trigonometric formulas

· • Functions for statistical process control (SPC)

· • Graphic display of measurement results and distribution

· • Data storage of values and formulas

· • Convenient diagnostics of the connected encoders 


If given the choice, it would at first seem obvious to use this product. Along with the new testing equipment that was purchased in 2017, four of these gage-check (which we will refer to as HSMD-horizontal specimen measuring device) units were purchased to support each of the testing frames that were included in the Instron fleet. Instron is the manufacturer of the testing equipment who are in an industrial partership with Heidenhain, Siemens and Mitsubushi. Hedenhain supply the automatic measuring measureing devices. Siemens supply the programmable logical controllers that support and automate the electronics. Mitsubushi are the suppliers of the robots which automate two of the frames in the fleet. The other two frames are operated by a technician, who would be required to load tensile specimens into the jaws for analysis, whereas the robots would feed the tensiles into the remaining to tesnile frames.
It wasn’t long after the commissioning of the equipment that a variation between recorded thickness results were observed.
1.10 The Problem


As mentioned in the previous section, “Reasons for and Relevance of the Project”, there was a noticeable difference observed between the thickness that is recorded by the operator on the production line and the thickness that is recorded by the technician in the Met Lab. There were a number of failures that were either a fraction on the higher side or lower side of the proof stress specification for that product. A few of these examples (which we will analyse in better detail, later) were also failing, similarly for UTS.
1.11 The Impact


The Area Process Technologist at ZODIAC was collecting data as there were a number of issues with scheduling material in a suitable order i.e. different coils would require different annealing conditions with regards to speed and temperatures. This meant as there were physical limitations, also on the order that material should be scheduled i.e. as it is a “continuous strip” process the thickness and width of the coil already in the line, would dictate the width and thickness of the coil that would be welded on next in the process. For example, you couldn’t weld the back end of a 0.6mm coil that is 1200m, on to the front end of a 1.2mm coil that is 1800m This is called a “gauge jump” or a “width jump”. If you were to schedule either jump, it would result in a “strip break”. A strip break is when the coils separate in the manufacturing line. The level of severity depends entirely on the location of the break, but are generally never less than two hours to resolve. Some of the worse case scenarios can mean that the line is down for 6-8 hours, and furnace temperatures are lost, resulting in additional costs in start-ups and losses in “sacrificial matertial” which will need to be scrapped, when restoring the usual furnace conditions. Hence, why it is not possible with the current material available to be scheduled, to totally remove mechanical property failures, but it is important to distinguish between expected failures and avoidable, unplanned faiulures.
Some examples of genuine (planned) failures:

· sacrificial coils used as gauge or width jump coils out of specification

· “drossing” coils, every five coils are sacrificial on “Full Finish” schedules (automotive exterior parts with enhanced mechanical and corrosion resistance properties). These are used to clean the rolls which means aleviating forces (softer due to less work hardening).
· Cycle jumps cause failures. A cycle jump occurs, when changing to a product with different furnace temperature or annealing requirment. The front end will generally fail for being under-annealled, as the furnace wouldn’t reash the correct temperature for that cycle.
· Temper mill change caused failures. A mill change occurs >0.3% on the temper rolls. Anything >0.5% force increase is an “illegal” mill change and will result in failures on either the front or back, wherever the step up or down has occurred.


        The above four points will need to be considered when categorising the mechanical property failure analysis. There is a process in place where a customer will accept these, above coils on a concession basis (discounted rate or part of a deal) as agreed by the sales team, as the material is still suitable for a range of applications. There is no other contingency in place. These “planned failures” are mainly due to lack of coils available to be scheduled. It is financially worse to have a line stop than waste a coil which is why there is a need, in current operations, to have sacrifical coils. The are a number of other quality issues to consider when rejecting or reapplying material but it is not relevant to mechanical properties or CSA. It is usually a surface quality issue i.e. blisters, laminations or a texture issue i.e. roughness average and peak counts (adhesssion). Downtime can result in £40,000 loss an hour when all costs/losses are considered.

     All of the above unavoidable points considered, it is a huge inconvenience to have coils failing where it may have been avoided, so it was only natural for the Technologist to question cross-sectional area dimensional accuracy. There may have been material which was failing and enduring a reject procedure that would have been perfectly suitable for a customer to procure at the proper value for that product. Not only was this a waste of time and tough interrogation procedure for the Specialist, who would have to decide the fate of these satisfactory coils, but they would actualy on occasion, be sold at a loss!
1.12 Processes that Impact Mechanical Properties

There are a number of processes that affect mechanical property values. The following describes how various forms of the annealing and temper rolling, will have an effect on the product:
Single Mechanical Property Failure

Low Proof Stress (PS)

1. Increase TM/TL Elongation %
2. Speed up

N value, Elongation and R value may drop!

UTS may also increase. Elongation & R value may decrease!

High Proof Stress (PS)

1.Decrease TM/TL Elongation %

2.Increase RFT temperature & Increase DFF temperature if no capacity left in RTF

3.Slow Down

UTS may also drop! Watch out for heat buckle!

Low UTS
1. Decrease RFT temperature & Decrease DFF if  RTF demand is <18%
2. Speed Up
PS may also increase, R value and Elongation may also decrease!

High UTS
1. Increase RFT temperature & Increase DFF temperature if no capacity left in RTF
2. Slow Down
PS may also drop! 
Watch out for heat buckle!

Low Elongation
1. Increase RFT temperature & Increase DFF temperature if no capacity left in RTF
2. Decrease TM/TL Elongation %
3. Slow Down
PS and UTS may drop! Watch out for heat buckle!
PS and UTS may drop! Watch out for heat buckle!
PS may drop! Watch out for poor shape / surface!

Low R value
1. Increase RFT temperature & Increase DFF temperature if no capacity left in RTF
2. Decrease TM/TL Elongation %
3. Slow Down
PS and UTS may drop! Watch out for heat buckle!
PS may drop! Watch out for poor shape / surface!
PS and UTS may drop! Watch out for heat buckle!

Low N value
1. Decrease TM/TL Elongation %
PS may drop! Watch out for poor shape / surface!

High YPE
1. Increase TM/TL Elongation %
N value, Elongation and R value may drop! PS may increase!

Combination of Mechanial Properties Failures

Low Proof and Low UTS
1. Speed up
2. Decrease RTF and DFF temperaure
Elongation & R value may decrease!

High Proof and High UTS
1. Increase RFT temperature & Increase DFF temperature if no capacity left in RTF
2.Slow Down
Watch out for heat buckle!

Low Proof and High UTS
1. Increase RFT temperature & Increase DFF temperature if no capacity left in RTF & Increase TM/TL Elongation %
Watch out for heat buckle!

High Proof and Low UTS
1. Decrease RFT temperature & Decrease DFF temperature if RTF demand is <18 & Decrease TM/TL Elongation %
2. Speed Up
N value, Elongation and R value may drop!

High Proof and YPE
1. Increase TM Elongation %
N value, Elongation and R value may drop!
 (Ferdinand, 2001)
2.0 Literature Survey

2.1 What is it all about?


Sometimes, at the work place or at an educational facility, an assignment may  be given on a topic that is new to the practicioner. It may be a thesis, an argumentative report or a presentation. Quite often, an individual may have no prior knowledge on the subject, so a lot of research is needed. Luckily, the majority of problems have already been presented with options or resolutions. There are usually, already experts within the field that have already researched affectively, the information at hand. A literature review is an excellent preliminary step for somebody with little or no knowledge to gather background information to bring theirself up-to-date or become an experienced person in that subject area. The following is a literature in an area as-close-to the topic in this Report, “Investigating dimensional factors that affect mechanical properties”. It will mostly talk about how temperature can affect mechanical property results. It will also discuss the uncertainty generated from heat differentials. It has been chosen because teperature was the only constant thing in the project for this project, so it makes a suitable alternative consideration.

2.2.1 Introduction -Tensile Test Measurement Uncertaintanty

ASTM States that tensile testing is a way to assess the ductility and strength of a material. It also tells us that it is a destructive test, which is done at ellevated conditions i.e.speed, sometimes temperatures (International, 2012). ASTM then goes on to define that modulus of eleasticity, yield strength (offset at 2%), maximum strength, elongation and CSA reduction are the mechanical properties that can be accurately measured. Later on, due to the experiment unceratinty, ISO 6892 developed a specific guide for testing at elevated temperature on metallic materials (Standard, 2011). This was to compensate for the uncertainty. The issue is that mechanical properties are adversely affected by heat. Subsequent to this, Sun et al elaborated a set of guidelins for testing that was both affected by elevated temperatures and speed, combined. This stated there was a larger potential effect, not likey contributed by the test equipment. Therefore uncertainty for both speed and heat elevations must be considered (Sun, 1991).

2.2.2 Experimental Findings
Figure 1 shows 5 different tests at a contstant temperature and at different temperatures. 
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Figure 1

Figure 2 shows 5 different tests at a constant temperature (elevated 800’c) at different strain rates. 
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Figure 2

This clearly demonstrates that a metal will behave that is not a normal representation of its usual properties i.e. icrease of rate/heat can produce enhanced properties (not usual conditions). This leads us to assume that there will be a level of uncertainty at different speeds and temperatures, of which levels of severity would depend on.

Sun et al and Yamane demonstrate to us in Figure 3 using tensile results from FeCr stainless steel, that each strain rate area reduction varies as the test temperature changes (Yamane, 2001). This is a typical measurement uncertainty associated with temperature. This is maximum embrittlement and Sun et al demonstrates that as the decrease in strain reduces, the temperature shall also.
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Figure 3

Otsuka shows us in Figure 4, the tensile tests with five strain rates at different temperatures for AlMg (Otsuka, 1984). It behaves similarly to stainless steel with regards to each strain rate area reduction varies as the test temperature changes. The only difference apart form amount of reduction area is that there is a maximum emrittlement level at 100.
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Figure 4

Nowosieleski clearly demonstrates to us in Figure 5 that there is a measurement uncertainty with CuNi related to temperature (Nowosieleski, 2006). The strain rate clearly reduces with strain rate at an intermediate temperature imbrittlement, as reinforced by Xu, therefore, temperature imbrittlement in tensile testing is reduciton of area relative to temperature (Xu, 2013), which is suggested by ASTM, also. This suggests the uncertainty is a disturbance of usual testing conditions and not the behaviour or mteallic material for it’s usual application-a historic, troublem engineering mechanism.

Kumar identifies elongation variation with strain rates for FeAl as can be seen in Figures 5 and 6 (Kumar, 1998). It displays it at 3 different temperatures: -20’c, 21’c and 700’c retrospectively. A strain rate unceratinty is clearly shown i.e imbrittlement (elongation” decreasing as the strain rate increases. The strain rate is less at lower temperatures.
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Figure 5



         Figure 6

2.2.3 Measurement Uncertainty Mechanism
Meausurement uncertainties of CSA reduction relative to strain rate and temperature variations can be clarified using the microscopic theory of elasticity. Robert Hooke, a phsicist from England, propsed “Hookes Law”. Since this, Xu has established microscopic theory of deformation based on this law. Xu states that any deformation will preferentially occur at the grain boundaries under tension. This is only relevant for polycrystalline metals, and temperature will act as a catalyst (Tingdong, 2009) (Suzuki, 1997). Migrating vacancies pull solute atoms to the grain boundaries, producing an excess solute. Shinoda et al verify this theory time and time again. 1 hour of elastic deformation can be seen at 773 K (phosphorous at grain boundaries) (Shinoda, 1981) in Figure 7.
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Figure 7

Shinoda reminds us that maximum phosphorous absorbtion at the grain boudaries is at 883K:three hours of elastic deformation.

2.2.4 To Conclude
In tensile testing, the measurement uncertanties in reduction of area to test temperature and strain rate variations are:

· The intermediate temperature embrittlement

· Strain rate embrittlement induced

Impurities at grain boundaries will induce measurement unceratinty of reduction in area of tested metallics, whilst under elastic deformation.

3.0 Work Carried Out

For all of the activites that were carried out in order to complete this section, this report shall try and describe clearly:

· What tool was selected/reviewed

· Justification for choice

· An example

· Any alternative option or consideration
It will not, however, analyse findings or attempt to discuss any conclusions or recommendations. This will be addressed in sections 4 and 5.
3.1 Quality Management System Confirmation

The very first thing that was carried out was an FMEA study. To support this activity there was also a Process Flow and a Contol Plan made an example can be seen below but this wlll be analysed in a later section. This was done to ensure that the problems were clearly understood and the process that was already in place was clearly understood. It was also selected because there was more than one issue to be resolved. Also, an FMEA is a tool that is commonly used, annually, for continuous improvement exercises, particularly with automotive sectors. There were no other methods considered although 8D has been used successfully in the past. It was developed by the aerospace industry and adopted by many manufacturing and engineerg organisations, since.
Within the organisiation’s quality management system (QMS) there were a number of considerations to confirm. QMS is an electronic database that is used to communicate and check for compliance. There are lots of different types of controlled documents in the QMS electronic database. This was done to ensure that all of the relevant safety information and compliance checks were clearly understood and communicated to the relevant parties. There is a document distribution set-up to ensure this and this is the prefferred method of choice for many organisations. The software chosen for use was Lotus Notes but SAP and  Oracle have been used similarly, with success.
          Step one - the safe working practice (SWP) was reviewed. The SWP contains a standard operating practice (SOP), a risk assessment and evacuation plan which highlights safe access and egress and minimum personel required for the job. The SOP was thoroughly checked and a survey was conducted with the technicians. Feedback from the lead technicians compiled. This was done to undrsatand there was a thorough understanding of the SWPs for carrying out tensile testing.
During this time Competency records were also assessed. A competence assessment is another controlled document that the company uses to monitor the experience and capability of it’s employees. It is chosen for use because it within the assessment there are a range of multiple choice questions to answer. All of the answers are in the SWP. This is a good way to ensure the procedures are fully read and understood. They are also desireable because there is an observational sheet included which requires a competent assessor to sign-off, before the techician was deemed competent. 
Next the equipment compliance was checked. The HSMD and frame calibration certificates were checked to be in date.  All the equipment was in compliance. There was, however, a descrepancy with the hand-held measuring devices. The micrometers in the Met Lab had certificates to prove they had been calibrated. Unfortunately, there were no certificates available for the micrometers that were used on the production line. This wasn’t detrimental as these measuring devices were not used for material release purposes, but regardless, there was no confidence in the equipments suitability given the nature of the experiment. The micrometers were taken out of circulation and replaced with calibrated versions. A calibration was carried out and then the micrometers were returned for use at the production line. This is done because it is a legal requirement and monitored quarterly and annually by internal and external Quality Assurance.
3.2 Design of Experiments


A meeting took place between representatives from the ZODIAC, the Met Lab and QA departments. It was decided that QA would support both departments and a design of experiments (DOE) took place. Often used to compare two or more factors that may have an impact on each other. It is a systematic procedure which determines the relationship between possible factors affecting a process and the output. Often called a “cause-and-effect” and requires an understanding of statistical tools to manage, hence the decision to involve QA (ISixSigma, 2017). 
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Figure 10

As there may have been a variation between operator influences measuring devices and automatic measuring devices, QA deemed that the most suitable plan of action would be to conduct both an MSA (measurement systems analysis) and a repeatability and reproduceability studt (R&R-which for the purpose of this report, shall be referred to as a Round Robin (SixSigmaMaterial, 2017). 

3.3 Measurements Systems Analysis

The MSA study is a tool often used to monitor or determine if there is any level of variation, specifically, that contributed by the measurement system. The goal is to validate or assess a measurement device or system (ISixSigma, 2017). The aim is to minimises any variation that may be directly contributed by the measurement system and to gain acceptance for the following criteria:

· Resolution-the objective is to have at least 5 distinct categories.

· Accuracy- all data collected was accepted at real time, and rounding off data was not acceptable for this part of the process. All details were collected as accurately as possible i.e operator name, time, equipment serial number. All equioment was calibrated.

· Linearity-this represented the change in accuracy through the expected operator range.

· Stability-this was the “drift”. Generally monitored over a longer period of time. AM SPC chart was set up to monitor standard reference material that was tested daily over a long period.

· Precision (which will be done via R&R and Round Robin. This wasa the confrmation phase of the project, with regards to equipment measurement.

A positive to the MSA study is the information is calculated stastically and is a very credible measurement analysis (SixSigmaMaterial, 2017). A negative is that the study takes a level of Lean Six Sigma know-how and is a very time consuming process. Given the nature of the issue experienced with manual versus automatic measurement, it was deemed necessary, therefor, an MSA study was carried out across the full range of products and to confirm the theory, that the issue stems from hardware, as opposed to human error . 
3.4 Round Robin Study

To support the MSA study and the SPC activity, a “round robin” was also carried out. Sometimes this is referred to as an inter-laboratory test (NCBI, 2018). A batch of tensile specimens were prepared by one experienced machinist. All the specimens were taken from next to the previous test on the strip, so they were as close to each other as possible. As it is a destructive test it is impossible to have eavh test exactly the same. Using the same machinist helped to minimise the variables. The three different testing facilities received a “blind” packet of already prepared samples:

·  (Bentley, 1995)Swansea University

· Product Development

· Llanwern testing facility

The material identity and grade (product type) was only lnown by the project coordinator. Each facility tested the specimens on calibrated equipment and the data was collected and sent back for analysis. It is important that the tests were done blind as to reduce any test influence by the operator.
4.0 Analysis

For this section all of the findings from the “work carried out” section has been collected and tabulated or converted to graph format. This report will conclude findings in the next section.
4.1 Measurement Systems Analysis
The MSA study was carried out for the five main mechanical properties i.e. UTS, proof, elongation, n value and r value. It was carried out across a range of products for manual (operator influence) and automatic modes.
For manual, hand held micrometers were used, which meant there was a specific design that needed to be taken into consideration for the design of this experiment.
For automatic, the electronic measureing devices were used (no operator influence) which meant there was an alternative MSA study design to consider.

4.2 Automatic measuring device MSA
[image: image23.emf] 

 

Measured Part:

Drawing No.:

Characteristic:

Nominal value:

  Mpa

Total Tolerance Unit

Measurement:

Procedure

Result of Procedure 1:

Record No.: Sheet: Date:   Cg =  Cgk = 

Table values in: Mpa N/A

Obj. Series Series Mean Range

No. 1 2 Xi bar Ri

1 619.700 613.100 616.400 6.600

2 632.100 621.800 626.950 10.300

3 651.700 651.000 651.350 0.700

4 532.000 532.600 532.300 0.600

5 501.000 500.700 500.850 0.300

6 350.500 350.300 350.400 0.200

7 345.500 345.500 345.500 0.000

8 290.700 290.500 290.600 0.200

9 291.800 291.300 291.550 0.500

10 587.500 589.500 588.500 2.000 Evaluation:

11 471.000 459.800 465.400 11.200 Mean Range R bar = 2.5522 Mpa

12 472.400 464.300 468.350 8.100

13 471.200 470.000 470.600 1.200 Equipment Variation (EV)

   K

1

 = 0,8862

    

14 474.700 477.100 475.900 2.400 EV = R bar * K1 = 2.2617 Mpa

15 606.300 607.600 606.950 1.300   ########

16 460.200 460.800 460.500 0.600 Part Variation (PV)

   K

3

 = 0,250

17 486.100 491.800 488.950 5.700 = 90.1875 Mpa

18 404.500 404.900 404.700 0.400

19 410.200 411.100 410.650 0.900 Repeatability and Reproducibility (GRR)

20 448.800 450.700 449.750 1.900

 

= 2.2617

21 485.600 485.800 485.700 0.200      

22 397.800 398.400 398.100 0.600 Total Variation (TV)    

23 477.600 480.400 479.000 2.800   = 90.2159

24 502.400 497.500 499.950 4.900

25 525.300 528.600 526.950 3.300 %GRR = 2.51%

360.750 %GRR

%GRR = (EV / TOL) 100

= #VALUE!%

ndc (number of distinct categories) = 56

X

Remarks:  

Signature:

(Electronic)

 

Date: Department:

Deviation from:

   

SP-UK



Procedure 3 (Gauge R&R)

No Operator Influence

Instron 2

Measuring Equipment:

Measurement System needs 

Improvement

May be Acceptable

 

Measurement Capability

PV = Rp * K3

Acceptable

Test House

Tensile Test Machine

0.1

Gauge Location:

Gauge Description:

Gauge Resolution:

Gauge Number:

 

Characteristic:

Range of Production parts

n/a

Ultimate Tensile Strength of material

 

 

Total 

Tolerance:

%GRR RESULT IN BLUE IS ONLY 

CONSIDERED.

% 10 GRR % £

0.000

2.000

4.000

6.000

8.000

10.000

12.000

0 5 10 15 20 25

Plot of the Ranges

% 30 GRR % % 10 £ < % 30 GRR % >

p

R

 

TV GRR GRR / 100 %



2

EV GRR



2 2

PV GRR TV  


This is the Auto study for UTS. 25 smaples across a range of products were chosen (two of each). The overall GRR came out at 2.51%. This was due to there being such a high number of distinct categories, which kept the result in a very good area.
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Measured Part:

Drawing No.:

Characteristic:

Nominal value:

  Mpa

Total Tolerance Unit

Measurement:

Procedure

Result of Procedure 1:

Record No.: Sheet: Date:   Cg =  Cgk = 

Table values in: Mpa N/A

Obj. Series Series Mean Range

No. 1 2 Xi bar Ri

1 348.700 348.900 348.800 0.200

2 351.100 348.600 349.850 2.500

3 368.300 365.100 366.700 3.200

4 425.400 425.400 425.400 0.000

5 389.400 390.000 389.700 0.600

6 241.400 240.300 240.850 1.100

7 230.200 229.600 229.900 0.600

8 145.700 146.100 145.900 0.400

9 147.000 147.300 147.150 0.300

10 385.300 387.300 386.300 2.000 Evaluation:

11 366.200 357.200 361.700 9.000 Mean Range R bar = 2.6435 Mpa

12 351.800 350.100 350.950 1.700

13 345.200 355.500 350.350 10.300 Equipment Variation (EV)

   K

1

 = 0,8862

    

14 360.000 362.600 361.300 2.600 EV = R bar * K1 = 2.3427 Mpa

15 510.200 510.700 510.450 0.500   ########

16 352.200 353.600 352.900 1.400 Part Variation (PV)

   K

3

 = 0,250

17 365.500 375.300 370.400 9.800 = 91.1375 Mpa

18 256.600 258.800 257.700 2.200

19 293.800 292.900 293.350 0.900 Repeatability and Reproducibility (GRR)

20 370.000 367.300 368.650 2.700

 

= 2.3427

21 324.000 324.800 324.400 0.800      

22 268.400 270.900 269.650 2.500 Total Variation (TV)    

23 350.100 344.600 347.350 5.500   = 91.1676

24 381.100 379.400 380.250 1.700

25 459.900 470.200 465.050 10.300 %GRR = 2.57%

364.550 %GRR

%GRR = (EV / TOL) 100

= #VALUE!%

ndc (number of distinct categories) = 54

X

Remarks:  

Signature:

(Electronic)

 

Date: Department:

Deviation from:

   

SP-UK



Procedure 3 (Gauge R&R)

No Operator Influence

Instron 2

Measuring Equipment:

Measurement System needs 

Improvement

May be Acceptable

 

Measurement Capability

PV = Rp * K3

Acceptable

Test House

Tensile Test Machine

0.001

Gauge Location:

Gauge Description:

Gauge Resolution:

Gauge Number:

 

Characteristic:

Range of Production parts

n/a

Proof 2%

n/a

 

Total 

Tolerance:

%GRR RESULT IN BLUE IS ONLY 

CONSIDERED.

% 10 GRR % £

0.000

2.000

4.000
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10.000

12.000
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Plot of the Ranges

% 30 GRR % % 10 £ < % 30 GRR % >

p

R

 

TV GRR GRR / 100 %



2

EV GRR



2 2

PV GRR TV  


This is the Auto study for Proof . 25 smaples across a range of products were chosen (two of each). The overall GRR came out at 2.57%. Very close to UTS. This was due to there being such a high number of distinct categories and this result was a very good value to obtain.
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Specimen IDCoil ID End Caption/Spec

MSAA1 M28123 F CRR330Y590T-DP-GI

MSAA2 M28123 F CRR330Y590T-DP-GI

MSAB1 M28123 B CRR330Y590T-DP-GI

MSAB2 M28123 B CRR330Y590T-DP-GI

MSAC1 M28100 F HCT600X+Z

MSAC2 M28100 F HCT600X+Z

MSAD1 M27689 F HX42OLAD+Z

MSAD2 M27689 F HX42OLAD+Z

MSAE1 M27689 B HX42OLAD+Z

MSAE2 M27689 B HX42OLAD+Z

MSAF1 M26763 F BH220+Z

MSAF2 M26763 F BH220+Z

MSAG1 M26763 B BH220+Z

MSAG2 M26763 B BH220+Z

MSAH1 M27335 F XSESG

MSAH2 M27335 F XSESG

MSAI1 M27335 B XSESG

MSAI2 M27335 B XSESG

MSAJ1 C11876 B BTR165

MSAJ2 C11876 B BTR165

MSAK1 C11682 B XF350

MSAK2 C11682 B XF350

MSAL1 C11684 B XF350

MSAL2 C11684 B XF350

MSAM1 C11914 B S355MC

MSAM2 C11914 B S355MC

MSAN1 C11927 B S355MC

MSAN2 C11927 B S355MC

MSAO1 C11909 B XF450

MSAO2 C11909 B XF450

MSAP1 C11688 B A46

MSAP2 C11688 B A46

MSAQ1 C12005 B XF350

MSAQ2 C12005 B XF350

MSAR1 H5864210 F S235

MSAR2 H5864210 F S235

MSAS1 H5575720 F S235

MSAS2 H5575720 F S235

MSAT1 H6227330 F S355MC

MSAT2 H6227330 F S355MC

MSAU1 H6010440 F S275JR

MSAU2 H6010440 F S275JR

MSAV1 6756720F RST-34R

MSAV2 6756720F RST-34R

MSAW1 66944810F S275JR+AR

MSAW2 66944810F S275JR+AR

MSAX1 66933810F S275JR+AR

MSAX2 66933810F S275JR+AR

MSAY1 H72235840 F S420MC

MSAY2 H72235840 F S420MC


It can clearly be seen (above) that a full range of products were chosen for the study. This was a very time consuming element of the work. The design of the MSA was very difficult as there were a lot of calculations and spreadsheet formulas to link up. Selecting the products for the study was also a very time consuming and needed to be a careful task, during this experiment. It was the product selection, careful preparation and controlled testing that made this data so desireable. This MSA study qualified high enough to apply for automotive accreditation with TS17025. Although it was difficult, the information proved to be a very valuable and gave a good indication of the current state of the measuring systems for automatic tensile testing.
4.3 Manual MSA Study (R&R)
[image: image26.emf]Repeatability and Reproducibility Data Collection Sheet 

Equipment Name:

Gauge No:

Date of study: Mar-17

Area Test House Laboratories

No. of operators 3   No. of trials  r = 2 No. of parts used n = 10

OPERATOR/TRIAL PART

1 2 3 4 5 6 7 8 9 10 AVERAGE

Operator: A

Trial 1 0.500 1.501 2.002 3.002 3.505 4.000 4.499 4.999 5.501 6.000 3.551

Trial 2 0.501 1.500 2.001 3.001 3.500 4.000 4.500 5.000 5.503 5.999 3.551

Trial 3 0.501 1.502 2.004 3.002 3.500 4.001 4.501 5.002 5.503 6.001 3.552

AVERAGE 0.501 1.501 2.002 3.002 3.502 4.000 4.500 5.000 5.502 6.000 x bar A 3.551

RANGE 0.001 0.002 0.003 0.001 0.005 0.001 0.002 0.003 0.002 0.002 Rbar A 0.002

Operator: B

Trial 1 0.500 1.498 2.005 3.007 3.499 4.003 4.500 4.993 5.498 6.003 3.551

Trial 2 0.501 1.500 1.998 2.997 3.499 4.000 4.503 4.997 5.500 6.000 3.550

Trial 3 0.500 1.501 2.002 3.002 3.502 4.003 4.497 4.993 5.503 5.998 3.550

AVERAGE 0.500 1.500 2.002 3.002 3.500 4.002 4.500 4.994 5.500 6.000 x bar B 3.550

RANGE 0.001 0.003 0.007 0.010 0.003 0.003 0.006 0.004 0.005 0.005 Rbar B 0.005

Operator: C

Trial 1 0.500 1.501 1.997 3.001 3.497 4.001 4.500 5.001 5.500 5.991 3.549

Trial 2 0.501 1.497 2.000 2.999 3.501 4.000 4.500 4.998 5.500 6.000 3.550

Trial 3 0.501 1.498 2.001 2.999 3.499 4.001 4.502 5.001 5.502 6.003 3.551

AVERAGE 0.501 1.499 1.999 3.000 3.499 4.001 4.501 5.000 5.501 5.998 x bar C 3.550

RANGE 0.001 0.004 0.004 0.002 0.004 0.001 0.002 0.003 0.002 0.012 Rbar C 0.003

PART AVERAGE 0.501 1.500 2.001 3.001 3.500 4.001 4.500 4.998 5.501 5.999 R

P

5.499

R double bar 0.003

X bar diff  (R xbar) 0.001

UCL

R

0.011

SFRS-67PDQ4 Specification:

Specimen Gauge 

Blocks

MTH0038


This is a copy of the manual micrometer R&R. Three different operators measured ten different engineering slip gagues, as they were know to have the best uniformity and consistent thickness. The gauges were measured three times each and the results are recorded, above.
4.4 Statistics Process Control

Between the months of August 2016 and April 2017, there was an SPC introduced. A new batch of standard referemce material was introduced that did not exhibit, ageing. The product chosen for use was DX57. This meant that it could be stored for a long time and the mechanical properties would remain unnaffected, which is very important for a material that needs to demonstarate consistancy, particularly where there is a level of unceratinty. The results are plotted below. They were recorded every shift and can be seen with a secondary axis that displays the gauge for each mechanical property result. Data was collected for UTS and proof strength.

4.5 Proof vs Gauge
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Above, shows 171 diffefrent tensile tests. The blue represents the thickness (gauge) recording and the orangeis the affected mechanical property-in this case, proof strength. The gauge is the aspect that was controlled. There is a section between smaple 130 and 150 where the gauges are considerably lower and outside of the upper control and lower control limits. This was because none of the usual batch of standard reference material was available.  The calculations were done as follows:
	Average
	 
	 
	0.751
	152.20
	301.73
	44.77
	2.40
	0.231

	Std Dev
	 
	 
	0.011
	2.05
	4.55
	1.60
	0.08
	0.001

	LCL
	 
	 
	0.72
	146.06
	288.07
	39.98
	2.16
	0.228

	UCL
	 
	 
	0.78
	158.34
	315.39
	49.57
	2.64
	0.233


Blue shows the limits for thickness and the orange shows the limits for proof strength. If there values drifted for either thickness or proof 3 times an alert would display. If it drifted 5 times action should be taken. In the unlikely event that the results would continue to move in the same direction, 7 times then the equipment was programmed to stop. This would also happen if a result came in outside of the control limits. This is common manufacturing statistical process control practice. This KPI was also set up to observe how the mechanical property direction was affected by the movement or drift of the thickness movement, as per the pronciples of calculating proof strength, and how a thickness alteration will change the mechanical propert result.
4.6 UTS vs Gauge
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Above, shows 171 diffefrent tensile tests. The blue represents the thickness (gauge) recording and the orange is the affected mechanical property-in this case, UTS. The gauge is the aspect that was controlled. There is a section between smaple 130 and 150 where the gauges are considerably lower and outside of the upper control and lower control limits. This was because none of the usual batch of standard reference material was available.  The calculations were done as follows:

	Average
	 
	 
	0.751
	152.20
	301.73
	44.77
	2.40
	0.231

	Std Dev
	 
	 
	0.011
	2.05
	4.55
	1.60
	0.08
	0.001

	LCL
	 
	 
	0.72
	146.06
	288.07
	39.98
	2.16
	0.228

	UCL
	 
	 
	0.78
	158.34
	315.39
	49.57
	2.64
	0.233


Blue shows the limits for thickness and the orange shows the limits for UTS. If there values drifted for either thickness or proof 3 times an alert would display. If it drifted 5 times action should be taken. In the unlikely event that the results would continue to move in the same direction, 7 times then the equipment was programmed to stop. This would also happen if a result came in outside of the control limits. This is common manufacturing statistical process control practice. Similarly to proof strength, this KPI was also set up to observe how the mechanical property direction was affected by the movement or drift of the thickness movement, as per the pronciples of calculating proof UTS, and how a thickness alteration will change the mechanical propert result.
4.7 HSLA Comparison

Data was also collected for a range of other material. HX300LAD+Z is a popular High-strength, low-alloy material. There was data to analyse for this product, as before for the standard reference material.
This was set up for monitoring purposes, only. There was no assumtion that gauge should have an effect on proof strength as the force-strain curve is converted to stress-strain curve for this reason. Stress takes into consideration the cross-sectional area and force which gives a stability throughout the product range at different thicknesses i.e. a 1.00mm specimen should have the same mechanical properties as a 2.00mm specimen as long as the manufacturing and processing conditions, remain the same. 
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The data for the above chart (HX300LAD+Z Proof strength versus gauge) was collected over the same period as the standard reference material. What you would expect to see is a variation of 0.7mm and 2.25mm and a consistency and stabilty for the proof strength. The  thickness variation should not have an effect on the proof strength. The first 30 samples were trial tenile tests so should not be considered ordinary or standard working practice. This was done to be used a s indicator of how a different product should behave. This material is generally harder than DX57 and has better corrosion resistance. It is also a very hard on the surface at about 110HRb.
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The data for the above chart (HX300LAD+Z UTS versus gauge) was collected over the same period as the standard reference material. What you would expect to see is a variation of 0.7mm and 2.25mm and a consistency and stabilty for the UTS. The  thickness variation should not have an effect on the proof strength. The first 30 samples were also trial tensile tests so should not be considered ordinary or standard working practice. This was done to be used as an indicator of how a different product should behave.

5.1 Discussion and Conclusions-the product?
This section will consider the work that was carried out and the analysis (charts) that was carried out. This report will discuss the findings and draw any conclusions to the problem at hand. Considerations and reccommended work will be addressed in section 6.
With relation to the problem “investigating dimensional factors that affect mechanical properties”, and in particular the impact that innacurrate cross sectional area dimensions can have on ultimate tensile strength and yield strength (proof), this conclusion will attempt to answer the question, and also to address the issue “diferent measurements are being recorded on the produciton line, to what is being recorded in the metallurgical laboratory”.
The fist simple test to comapre the two was a very informative table:

[image: image31.emf]Test HG (mm) Auto Mic Auto Mic Auto Mic

gauge 15.042 15.062 15.047 15.083 15.049 15.065

width 20.066 20.2 20.07 20.24 20.066 20.079

gauge 12.53 12.562 12.531 12.6 12.532 12.558

width 20.074 20.091 20.075 20.133 20.071 20.113

gauge 15.044 15.066 15.04 15.059 15.049 15.07

width 20.066 20.091 20.064 20.085 20.063 20.081

gauge 15.053 15.07 15.056 15.074 15.051 15.059

width 20.075 20.086 20.071 20.118 20.086 20.089

#4

1 2 3 Measurement No:

#1

#2

#3


Table 1

Two of the products above were soft and two were hard (60HV and 110HV respectively). It seemed to have no effect on the differece. Almost every automatic measurement was approximately 0.02-0.03mm smaller in both gauge and width. This points us away from a material issue early on. More work was needed.
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SPC data was collected and monitored. The machines vary rarely drifted more than three in the same direction for both UTS and proof. The daily houskeeping, preflight checks and standard tensile tests were responsible for ensuring this stability. Less than 8% of the tests had a correlation with gauge an the mechanical property deviation. There were some tests which exhibit an upward movement when the gauge would be smaller, but generally this seemed to be sporadic and only observed in periods of drift. At the third “drift” reading the equioment would be re-callibrated to the bar and started again, at approximately every 72 hours. The control set up from SPC exercise ensured confidence in the equipment testing and process capabilities. For each of the standards that were tested (above) a micrometer dimension was also recorded and was also approximately 0.02mm smaller on the automatic measuring device. It was left off the chart because it was far too close to the the automatic gauge dimension that it would no have been visible. This again suggested it was likely an uncertainty with measuring devices. The same was repeated for two popular products to help reinforce the idea that ithe issue was measuremnt uncertainty. 

During the interim, a literature survey was carried out to discuss how heat and strain rate effect mechanical properties and cross-sectional area. This was chosen because heat and strain rate were constant and not going to be explored for the purpose of this report, so made an interesting and alternative point of consideration for a very similar issue.
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The above product is a HSLA steel and has very good and stable mechanical properties. The first 30 tests were a trial period and are not being discussed here. What you could expect to see is a mechanical property stability and consistency across a range of thicknesses. For nearly all of the tensile tests the proof strength remained comfortably within the 280-400 specification. All of the failures outside of the specifications could be explained as “expected”. These occurred at times of a “cycle change”. This is when a product changes before or after another and results in either the furncae being too hot or cold. In the cases of too hot, all results were soft and in the case of too cold (didn’t get up to temperature in time) the results were above the upper specification. The only unexplained test was number 175. This was likely to have been a sample mix up on the laboratory. This data collection and testing analysis helped reinforce that there was a product stability and again the error pointed towards human, process or equipment error.  One final measure of equipment was the Round Robin study. A number of samples were all prepared to the highest standard and pre labelled. The material was unknown to the testers. 3 batches of the same material were sent out to other testing facilities. All of the results tied in with each other, nothing really showing any spurious results. They were, however very close to Tata’s hand held devices. They too had approximately 0.02-0.03mm difference from the Automatic measuring devices at Tata. This was the most interesting revelation at this point. More of the findings pointed towards a difference in the automatic measuring units.
5.2 The Process?
Once the experiment could be steered toward another factor, the process was considered. This included a full review of procedures, competence, compliance, audits, quality assurance and testing standards.

A very simple process flow was designed to first understand the process:
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An FMEA had already been carried out and identified as this issue as a high enough priority issue to assign resource to the project. The control plan was quite straight forward and the procedure and competence review combined with the SPC exercise was deemed enough to ensure the automatic measuring devices were functioning correctly. There was no containment necessary as the results that were obtained by manual devies were not affecting the results:the manufacturing results were purely for parameter and processing checks.
Just to be sure the micrometers were calibrated using engineering slip gauges and recorded. They were deemed suitable for use. All of the equipment was found to be in compliance and all the procedures currently being practiced were deemed acceptable. 
All the technicians were observed to be competent and demonstarted a high practitioner level and in some cases, expert level for tensile testing. 

In fact, the only part of the process that was considered no suitable was the automatic measuring devices. Unreassuringly, they measured cross sectional approximately 0.02mm lower than any other testing facility, including the initial measuremnt by a hand-held device on the production line. The material suitability was deemed acceptable. The process was deemed acceptable. The equioment was sold as fit for purpose but was not delivering uniformity. This was no management of change carried out when the new equioment was purchased to check for a continuation of precision and accuracy, and this is when the step was observed and the concern was raised. The meaurement unceratinty was negligible but here was definitely an unwanted measurement difference.
5.3 The Issue?


Instron offered to do a free assessment after the informataion inthis report convinced them it was a HSMD issue (automatic measuring device). Upon closer inspection, the pneumatic pressure which engages the anvils (contacts that physically touch the product to get the dimension) were found to be too high. Also, themselves were different to the contacts on a typical micrometer. The micrometer had a larger surface area and was machined flat and uniform. The anvil contacts on the HSMD were of convex design. This contributed in two ways. First, the convex design meant the contacts couls reach “parts” of the specimen the larger, flat anvils couln’t on the micrometers. Also, the air pressure level meant that the contacts on the HSMD were generating a penetrating effect, that wasn’t visible to the eye during. It also left behind little to no blemish. The elastic properties of the steel  (Dowling, 2013) ensured the strip would spring back unnoticed. The third factor, partiulcarly in sample with coil-set, a phenomina present more with longditudinal samples (a slight bend from the roll/coil shape) meant the larger, flat, hand-held anvils would also give higher readings. 
Although the impact was very low on mechanical propeties, the shape and design combined with a higher air pressure on the automatic, whereas the manual had a safety ratchet to stop overtightening, with larger surface area than the HSMD meant that the cross sectional area readings were lower, and did infact have an impact on mechanical properties.
This was the reason for the variation between recordings on the manufacturing line and the metallurgical laboratory-the new equipment purchased did not offer the standardisation that should have been considered on initial purchase and commissioning.

6 Recommended Further Work

Although the report is conclusive, and is not imperative that the equipment needed to be changed as the results had little effect on mechanical properties, there are some advisories and considerations for the future.

Something that was explored and should not be advisd is to revert back to manual measuring. The incentive for the purchase to minimise operator error and to eliminate any suspicion of fraudulant results. Automation is certainly the future by removal of waste through material and manual handling.

Something that would offer the greatest accuracy is a laser measurement system. This is a highly accurate system that is not essential for destructive testing. The liklihood is it would generate results that are also different to the manual measurement devices, but if this was deemed appropriate then definitely a consideration. The obvious problem with this is the cost of the hardware largely outweighs the benefits, and dimensional requirements do not command this, yet.

The more reasonable consideration and certainly a recomendation based on this investigation, would be to modify the current automated hardware to accommodate a set-up to replicate a hand-held micrometer. If the convex anvils were swapped for a larger surface area, flat anvil, this would offer uniformity and better measurement certainty. Also, a drop in air pressure would better aid the issue with “pressing” into the specimen. This is also a considerably cheaper alternative, which would offer peace of mind and standardisation, that is ultimatel the goal or any organisation that promotes a Lean Manufacturing environment.
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