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[bookmark: _Toc57404702]Introduction
The hot dip galvanizing line at Tata steel (also known as Zodiac) is a galvanising-annealing line located within the Llanwern works. The line supplies galvanized and annealed products to customers requiring weatherproofed or corrosion resistant steels. Externally, automotive manufactures are the main customer of the zodiac line. The “just in time” nature of the automotive industry means that delays in supply are unacceptable.
The Test House is Tata steel’s metallurgical testing laboratory. Based in Port Talbot the laboratory covers all product release testing for both the Port Talbot and Llanwern sites.
The laboratories’ main area of focus is tensile testing in accordance with BS EN 6892:2019 [1] in order to determine the mechanical properties of customer steel before dispatch. The tensile testing capacity of the lab is approximately 500 tests per day. The capacity is met by 4 Instron 5980 series tensile test frames, of which two are fully automatic. The designations are as follows:
	Instrument Name
	Location
	Type

	Instron 1
	Port Talbot
	Automatic

	Instron 2
	Port Talbot
	Automatic

	Instron 3
	Port Talbot
	Manual

	Instron 4
	Llanwern
	Manual


Table 1 - Tensile Testing Capability
Once a coil is produced, the Manufacturing Execution System (MES) flags a coil as “MET HOLD” and a sample is cut. The coil information is then made available in the laboratories barcoding software, where order test requirements from the customer are used to generate a unique Sample Reference Number (SRN). The barcode also contains a set of instructions that the testing systems can use to adjust test parameters. For example, a bake hardening 2% pre-strain vs a full test to break including reduction in width measurements.
Samples are cut on hydraulic guillotines into strips, noting the test requirements from the barcoding software to ensure specimens are cut in the correct direction and enough material remains for ancillary tests or rechecks. Cut strips are machined into tensile test specimens (“dogbones”) and labelled with the aforementioned barcode.
The specimens can then be tested in one of the Instron tensile test frames. The results are passed back to the MES where a usage decision is made. A pass result will remove the met hold from the coil entry and the coil can be dispatched to customer.
A specimen that fails for mechanical properties must have two additional specimens prepared and tested in order to determine the usage decision. A test where an erroneous result is produced would be declared invalid and a specimen would be rechecked once only, this is known as a specimen 1 recheck.
A sample that has failed recheck specimens 2&3 for mechanical properties is referred to a manufacturing specialist for action. This may result in a rework, a cutback to where processing conditions were favourable or rejection from the customer order.

The test house has the capability to test other release characteristics such as, surface roughness & texture, bend radius performance, Vickers and Rockwell hardness and Charpy impact toughness. Each parameter is validated by the MES for a coil to be met released.
Due to the geographical distance between sites, a twice daily (12hrs) collection is made at the Llanwern site and brought to Port Talbot to utilize testing capacity in the automated systems. The system based at Llanwern is used to support urgent material. To aid performance material is transported in several states. As only Zodiac is being considered it should be noted that all galvanized specimens are machined and labelled by a technician stationed at the zodiac line. Other unit’s specimens are transported either as unmachined strips or full coil-width samples for further preparation by Port Talbot based technicians.



[bookmark: _Toc57404703]Define stage
[bookmark: _Toc57404704]Project Charter
[bookmark: _Toc57404705]Problem Statement
Coils from the Zodiac line are not tested within the 24hr time to test agreement, reducing the time taken for a usage decision allows for quicker dispatch to customer. Lowering stock levels held on site and speeding up the invoice process releases cash back into the business and improves internal and external customer satisfaction.
[bookmark: _Toc57404706]Voice of the Customer
Regular service level agreement reviews with representatives from zodiac production are used to develop the primary factors critical to quality (CTQ). In order to establish the CTQs for this project a CTQ tree will visualize the needs, the quality drivers and the performance requirements.[2]
[image: ]
[bookmark: _Ref57402828][bookmark: _Toc57406538]Figure 1 - CTQ Tree
The performance requirements are used to create a measurable list of targets that ultimately satisfy the customer’s needs.

[bookmark: _Toc57404707]Charter
	Project Title
	Zodiac Time to Test Performance
	Customer
	Zodiac

	Business Need

	Reducing the time taken for a usage decision allows for quicker dispatch to customer. Reducing stock levels held on site and speeding up the invoice process releasing cash back into the business.

	Scope:
	• In Scope
	○ Out of Scope
	Deliverables:

	· Zodiac production only
· Other customer areas not considered.
· Tensile testing
· Other release characteristics not considered
· First test only
· Rechecks not considered
	A maximum time to test agreement deviation of 5%

	Quality Parameters
	Assumptions/ Dependencies

	Time to Test
Production time
Test time
	Time to test is defined as the difference between production timestamp and the first test timestamp 

Most material is released with only a tensile test for mechanical properties, other tests


[bookmark: _Ref57402871][bookmark: _Ref57402858]Table 2 - Project Charter
The project charter is a summary of the define stage of DMAIC. It can be used to communicate with customers and employees the nature of the project to be undertaken. [3]
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[bookmark: _Ref57402016][bookmark: _Toc57406539]Figure 2 - SIPOC Diagram
The SIPOC diagram, Figure 2, shows 5 steps that delay the process. A specimen quality failure will result in time spent preparing a specimen from the spare sample material. A specimen 1 recheck requires sample preparation also providing that enough material remains. If there is no spare material a referral must be raised to inform the production specialist that another sample is required.
A failed specimen for mechanical properties will also be referred for reworking or cutback, however this delay is out of scope for the project as only first test results are to be considered.

[bookmark: _Toc57404709]Measure stage
The purpose of the measurement stage in the DMAIC process is to understand the current state of the process and produce accurate reliable data that can be used to analyse root causes of problems. By using the CTQ tree, Figure 1, and the Project charter, Table 2. A data collection plan can be created to capture specific metrics to analyse sources of variation that cause customer dissatisfaction.[4]
[bookmark: _Toc57404710]Identify Measurement and variation
Time to test may be stratified by: 
· Day of week
· Llanwern sample collection technician is on Monday to Friday shift pattern. Weekend collection must be completed by Port Talbot based technician. Investigating the day of the week that a coil is produced may yield insight into how shift pattern affects time to test
· F&B testing
· Most coils from Zodiac are tested at both the front and back. This is not required in the standard [5]. Zodiac produces some specifications that are only tested on one end. Comparing the time to test of these captions may increase scope of single end testing across the product range.
· Shift produced
· The bulk of the Port Talbot team works day shifts only; one technician is available on night shifts to test zodiac specimens prepared by the Llanwern sample collection technician on the day described above. This in combination with day of week may yield insight into factors affecting time to test.

Specimen 1 rechecks
· Extensometer
· The extensometer can slip along a specimen, leading to poor test speed control and invalid results
· Specimen Gripping
· A specimen could slip in the hydraulic grips causing a loss of extension, ultimately rending the test invalid.

Time to test breach reasons, including but not limited to:
· Sample preparation equipment availability
· Instron test system availability
· IT and other result handling protocols
· Labour
[bookmark: _Toc57404711]Data Collection Plan
	Project:
	Zodiac Time to Test Performance

	Metric
	Stratification Factors
	Operational Definition
	Sample Size
	Unit of measurement
	Source and Location
	Collection Method
	Who will collect data?

	Time to test
	Day of Week
F&B testing
Shift Produced
	Test Time – Production 
	1 month
	DD: HH
	SQL server - TENSILETEST
	Automatic
	Technologist

	Specimen 1 rechecks
	Extensometer
Specimen gripping
	Any specimen that is retested against a specimen 1 ID
	1 month
	n
	SQL server - TENSILETEST
	Automatic
	Technologist

	Time to test breach reasons
	Sample preparation equipment
Instron availability
IT errors
Labour shortages
	A reason code selection for any coil that does not meet the agreed time to test
	1 month
	n
	Spotfire Analysis – SLA Dev
	Spotfire tagging tool
	Lead technicians

	Corrective action report count
	Captured at entry
	A report entered by a member of a production team where it is believed that an SLA condition has not been met
	1 month
	n
	SQL server - PTCLUSTER
	Automatic
	Technologist


Table 3 - Data Collection Plan
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[bookmark: _Ref57402416][bookmark: _Toc57406540]Figure 3 - Monthly Time to Test Performance
Figure 3 shows that for October time to test performance was within specification at 97.5% within the agreed 24 hours
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[bookmark: _Ref57402634][bookmark: _Toc57406541]Figure 4 - October Time to Test Performance by Day
Figure 4 shows the average daily performance for time to test, breaches were tagged with causes of delay, including on days where the average was within the SLA limit. Reasons summarised below. Figure 5[image: ]
[bookmark: _Ref57403251][bookmark: _Toc57406542]Figure 5 - Time to Test Breach Reasons
[bookmark: _Toc57404713]Further Data
As determined in the identification of measurement; further breakdowns of time to test have been produced. Note, the following have been created from 6 months of data. No significant changes have been made to working methods, so this data can be considered useful to analyse as a baseline. 
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[bookmark: _Ref57403432][bookmark: _Toc57406543]Figure 6 - Average Time to Test by Day of Week
As seen in Figure 6 there is a 2-hour variation in average time to test across the week. With the highest day being Tuesday. This does not directly correlate with the shift pattern of weekdays only but there is evidence that there is some other factor causing variation across a working week.
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[bookmark: _Ref57403701][bookmark: _Toc57406544]Figure 7 - Time to Test Distribution split by F/B test requirements
Figure 7 demonstrates that coils requiring both ends tested have similar means of 12-14 hours, however, 2 end testing shows a more definite tail to the data. This is accurate as most of the time taken is in the transport and preparation, the delay for two end testing is therefore limited by test system rate and capacity.
Day & Night Shift
[image: ]
[bookmark: _Ref57404964][bookmark: _Toc57406545]Figure 8 - Time to Test Distribution Day vs Night shift
Figure 8 shows the influence of the shift that a coil was produced. Due to the inherent lag from collection. Coils produced during a day shift will be tested by the night technician. There is approximately 4 hours improvement between shifts
[bookmark: _Toc57404716]

Cause and Effect
A cause and effect diagram is a useful way of brainstorming causes of variation identified during a measurement phase. [6]
[image: ]
[bookmark: _Toc57406546]Figure 9 - Cause and Effect Diagram


[bookmark: _Toc57404717]Conclusion 
In summary, time to test performance for October was within specification and (except for July) has been for most months. The improvement of time to test in October may be due to an observer effect, technicians that are being monitored may inadvertently shield factors causing delay from the analysis. [7]
This project was initiated by customer dissatisfaction with time to test so other avenues must be explored to improve overall service. This may include a reduction in the time to test agreement of 24 hours. This would need to be supported by some changes based on the captured data. A combination of single end testing (-2 hours) weekend coverage by Llanwern sampling technician may balance the weekly average (-1 hour), full team night cover (-4 hours) and the supply of an automated test system at Llanwern
Implementing these changes could yield an improvement of over 6 hours. However, this would require further discussion with the customer of whether a time to test of <18 hours is enough to justify additional expenditure. This would normally be covered within the Analyse phase and so is out of scope for this project.
Customer satisfaction could be improved by further investigation of the referrals process as this was identified as a source of dissatisfaction but not a direct contributor to time to test performance.
[bookmark: _Toc57404718]
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