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This report will cover all the inspection tools, defect classification, programmes, defect causes and methods used by operators, shift quality technicians and the technical day team for cold rolled inspection.
[bookmark: _Hlk23416228]Introduction

To ensure a suitable finish to for industry the strip must be inspected to a certain standard. For the strip to meet these standards and the requirements of the customer it must be inspected using a number of different aids, mostly by utilising inspection operators and the combination of technology and different programmes.
Appendix

Full finish – Automotive steel that must be inspected before release
Cold Mill – The final department before the product reaches the customer 
Rewind lines – Lines where strip inspection is primarily carried out
Background

Initially surface inspection was carried out by team members visually to spot defects created by other processes, without the aid of technology. This relied heavily on labour and slowed production, costing the business money (Fu, 2019). This was then enhanced by adding a number of programmes, tools and automatic technology. Without these tools surface inspection would be unreliable and depend heavily on human factors, with human error inevitably releasing products to the customer that would fall below the customer requirements especially for full finish material. Using technology allows the defects to be firstly identified and then classified, it also allows traceability using precise measurements from work rolls, bridle rolls and steering units. This is carried out by measuring the pitch of the repeated defect and using the measurement to identify the source this information is kept in a database and allows for operators to instantly find the cause and rectify the problem.  
Surface defects are usually separated into 4 main groups
· Three dimensional defects
Defects that have the largest impact on quality, these defects include pits, rolls marks, cracks and lamination defects
· Two-dimensional defects 
These include, staining, discolour and dirt
· Large defects
These defects create a consistent texture or unwanted feature to the coil such as improper surface roughness and ‘snakey buckle’.
· Surface flatness defect
This includes gauge being too high or too low of certain parts of the coil being out of the customers tolerance.
(Haataja, 1992)
TATA steel has a quality assurance policy of ensuring that the customer receives their product at the right requirements, at the right cost and the right time. In order for these three parameters to be met surface inspection must take place. This ensures the product abides by the TS16949 quality standard. This quality standard is mandatory for all suppliers to the automotive industry. TS16949  is part of the ISO 9001 quality management system, this is designed to aid organisations such as TATA steel to ensure the customer requirements are met. There are a number of inspection facilities and inspectors throughout the strip steel process, the final inspection facility used before the customer receives full finish the product is the 3 rewind line. The 3 rewind line can also side trim, oil material, remove defect material and split coils to customer weight tolerances. 
Methods and Discussion 

· Operator inspection
[image: ]Operator inspection allows defects to be spotted visually, this relies on training, experience and concentration. There are 4 main groups of defects that can be spotted visually and 9 sub category defects including ‘snakey buckle’ and pickups. Experienced operators can firstly identify the defects and then make relevant judgments on the causes. This allows the line to be stopped and the defect to be amended as it may cause the product to be rejected by the customer.  
[bookmark: _Hlk23166374]Fig. 1 Samples images of six typical surface defects in the NEU surface defect database including (a) Crazing; (b) Inclusion; (c) Patches; (d) Pitted surface (e) Rolled-in scale; (f) Scratches. (Fu, 2019)
[bookmark: _Hlk22735524]



Advantages 
With experience fault detection is efficient and the source instantly recognised.
Disadvantages
Relies heavily on human factors, such as concentration. There is a high chance certain defects will not be clear to the human eye and some defects will be missed due to the strip travelling at speed. 
Surface inspection by operators can lead to the finding of the following defects:- 
· Crazing
Crazing occurs on strip steel when too much tensile stress is applied causing a micro void formation. (Gerberich, 2012) 

[image: ]
Fig 2. Stress strain diagram (Eliades, 2017)
As shown in the chart, crazing is the initial development of the fracture point of the material which causes lamination (Eliades, 2017) this is controlled by bridle rolls which create tension on the strip. The strips hardness, width, grade and gauge is considered and the line will adjust to the most suitable parameters. 
· Inclusion
Inclusions are a result of mostly remnants chemicals from reactions in the earlier stages of the steelmaking process. (Silva, 2018) This includes the use of slag from the blast furnace and refractories during the basic oxygen steel making process. This forms a smooth but streaky surface. 
· Patches
Patches are sections of the strip where discolouring occurs, this can be caused by quench staining, under pickling due to the conductivity being out of tolerance.
· Pitted surface
Pitted surface is a type of corrosion that causes ‘pits’ to form in the surface, this is caused by oxide breaks due to aggressive chemical’s in the environment such as chloride. (WeBCorr corrosion consulting services, 2019)
· Rolled in scale
This is produced by steel strip being under pickled then being reduced in a mill, this causes the scale to be imbedded into the strip damaging the surface finish.
· Scratches
Scratches can have a huge impact on surface quality, they are difficult to locate and can be caused by many factors in the process such as, crane handling, feeding into separate and processes ceased rolls.
· Snakey buckle
This is caused exclusively but the CAPL (continuous annealing process line) furnace. As the strip especially narrow material tracks to either side of the support rolls they can come inoto contact with the radiant tubes this causes the centre of the coil to buckle, the defect coil is then processed through a mill removing the buckle but leaving a wavy affect.
· Pick ups
A stray piece of metal or dirt can cause a pick up, this results in the object becoming pressed into the strip while being reduced in the cold mill under large forces. 
Advantages 
With experience fault detection is efficient and the source instantly recognised.
Disadvantages
Relies heavily on human factors, such as concentration. There is a high chance certain defects will not be clear to the human eye and some defects will be missed due to the strip travelling at speed. 
· Cognex inspection
[image: ]
Fig.3 Cognex Detection Camera
[bookmark: _GoBack]Cognex inspection is a system used by inspection operators in order to spot defects. It is vital steel strip defects are spotted, detection algorithms are created to recognise the various defects produced in steel strip production. (Jiangyun, 2018) Cognex aids this by scanning material and creating classes of defects into colours. This is done by using a camera, the images are then uploaded to the technical specialist who then assess the image adds comments and uploads to the Cognex database which can then be viewed by operators from the pulpit in preparation for inspecting the coil. A TLR (Tata Logistical Release) system is used for full finish coils, this enhances the images from the Cognex camera to ensure the smallest of defects are found.  
[bookmark: _Hlk23166538][image: ]Fig.4 Classes of defects spotted by Cognex
This allows operators to view the material and make relevant assumptions before inspection ensuring a high amount information and scrutiny of the product before release. Each defect is colour coded this enhances inspection as viewing of different types of defects on one coil can be carried out.     
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Fig.5 Cognex Screen
This is how the information is presented to the inspector operator, top and bottom surface of the strip can be viewed. 
Advantages 
The system can spot a wide array of defects that may be missed by visual inspection and instantly classifies them and colour codes defects saving time. Human error factors are minimised.
Disadvantages 
The sensitivity can be too great on general practice coils where more defects are allowed when compared with full finish coils for the automotive industry. The system can be flooded and the image impaired when too may data packets are sent to Cognex from the Cognex detection camera.   
· EdgeMon
EdgeMon is a system for monitoring the edge quality of side trimmed material, this is of paramount importance as the edge quality must be free from serration and have a consistent finish. EdgeMon operates by using illumination and a camera, then digitally enhances the image for the inspector to make judgements on the quality.  
[image: ]
Fig.6 EdgeMon screen
The system detects ‘breakouts’ and scores them 1-2 depending on the severity, this can be defects such as nicks and chips in the edge on the coil. This will often be a repeated defect. This is useful as edge quality is separated into 5 categories known as cat 1,2,3,4 and 5. Each customer will request a level of edge quality therefore distinguishing the level of edge quality is vital for inspection as when pressed 
Advantages
Useful for identifying defects before inspection, provides a cut to tear ratio and shows the consistency of the cut to tear throughout. 
Disadvantages 
Only activates for side trimmed material, it is not linked with data from the edge category. The data is limited to breakout 1-2 or no breakout.  
Conclusions and Recommendations

Using a mix of different process and visual inspection techniques discussed to meet the customer demands is the more efficient and effective way of inspecting the strip with the available resources. There are numerous improvements small scale that could be set in place to further enhance the current programmes, and large scale changes to systems that could be implemented to remove the need for numerous programmes. 
· Merging programmes
Using one programme ensures processes used in inspection are coherent for each shift and the whole cold mill and that time is saved, money and resources by having all the data needed in one application without the need for separate programmes for various quality systems.  (Johnson, 2019)  to carry out this function would take a high amount of resources for TATA steel. This is knows as consolidation and would require planning, requirements mapping, business process reengineering and training as operators would needed to be trained on the new functions of the system (Computer Economics, 2019) and various employs would need to be tasks with making the separate programmes compatible, also the costs needed to maintain this system needs to be considered. (Johnson, 2019) This would allow Cognex, TLR and edgemon  to be combined, creating a more user friendly programme for inspectors. 
· 3-D scanning 
[image: ] (Stevenson, 2019)
The 3-D inspection devices that could be used consist of contact and noncontact methods. The type of device needed fort to inspect strip steel as it is processed along the line would need to be a noncontact scanner. This would allow the shape of the strip to be scanned and then create a 3-D shape by using cameras and structured light scanners and projected light patterns to spot defects. Structured light scanners hold an advantage as they are portable and can be set up in small spaces. For a more accurate scan a industrial CT scanner could be used this would be able to defect very small defects on full finish material and create an image for inspection (Lazarevic, 2019). The benefit of systems such as 3-D scanners is the potential to remove the need for operator visual inspection, allowing coils to be released without need to be transferred to rewind lines for inspection purposes. The inspection could be carried out via a computer with the information from the scanner which is not currently carried out due to the inaccuracy and lack of data from the Cognex, TLR and edgemon system. 
· Small scale improvements
[image: ]




(Banner, 2019)
The small scale improvements that have potential to improve inspection and wouldn’t require as much resource or as much time to implement could prove a strong option. One study suggests that using green LED lighting can improve contrast and enhance visibility on defects such as dirt, fingerprints and general defects. This is due to green wave lengths being the easier for the human eye to see coupled with defects such as oils and coolant reacting more to green lighting. This could prove more efficient for the inspection of FF automotive material which requires a high level of finish. (Banner, 2019) Also improving or adding more lighting the current inspection systems would improve defect detection. 
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