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1. [bookmark: _Toc99555150]Scope
Problem statement: We must improve the current accuracy of Ferro Manganese stock recording. The current inaccuracy is causing over purchasing on certain grades and early stock outs others. This leads to an inefficient materials and production plan. Purchasing price increase as material is needed in an emergency causing it to be bought on the spot market and not against long term fixed price contracts. Another issue is working capital is tied up in stock longer than expected. To increase this accuracy a full review of the data flow is needed, using data root cause analysis.
There are currently four types of Ferro Manganese (FeMn) being consumed, these are HCFeMn Small, HCFeMn Large, MCFeMn Small and MCFeMn Large. Each material is brought onto site via lorry, from multiple suppliers. These materials are then stocked in a unique stocking location for each material in the raw mats bays. The material is then called off by the plant and moved to a secondary stocking location on plant where the material is loaded into bunkers ready for consumption in the steel making process. The stock for each location is recorded to give a total stock holding of each material on site.


2. [bookmark: _Toc99555151]Data Collection/Data Analysis
As the issue is covering four separate materials, Pareto Analysis was used to determine which of the four stocks provided the most value. 
“Applying effective control Pareto Analysis is a very effective way to achieve maximum effectiveness with minimum effort. It focuses management time on the most important issues in any part of the business, and it is the basic tool for managing inventory to achieve conflicting objectives of ‘best availability with least inventory and least time controlling it’. In many situations, there are far too many different products to manage them individually and Pareto Analysis provides the solution. Inventory management is not about the unit cost of items. The aim is to control the stock value (unit cost × quantity in stock) and Pareto Analysis is a direct approach to this. The basic principle for inventory management is therefore to have tight control on the items where the turnover value is high and not to bother too much about the inventory value of low turnover items (still ensuring the same availability). For example, an item where the annual turnover is £104,000 could cause a high stock value if the stock is six weeks’ worth (£12,000), whereas if the turnover is £104, then six weeks’ worth of stock is only £12, which is not a problem (except that there are usually many low turnover items, so the cumulative effect is also high inventory value).” (Wild, 2017)
[image: ]
Figure 1 – Pareto Analysis of Stock Value
The Pareto analysis showed that 67% of the stock value was in HCFeMn Small, therefore we will concentrate on that material first as it is the biggest financial contributor. 
One of the best ways to represent stock holding visually is via stock control charts. With the use of upper and lower control limits you can see if you process is in control and can be used for data analysis on your process. 
“First, the system tests if the demand and inventory processes are in control or out of control. This indicates whether the system can handle the processes or if there are statistical abnormalities in past demand and inventory curves that would make it difficult to make a safe reorder quantity decision using SPC. If the processes are in control, the SPC decision approach can be applied.” (Pfohl, et al., 1999)
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Figure 2 – Process control charts (Pfohl, et al., 1999)
The data collected was from secondary sources and starting from the first week of this financial year. Delivery data comes from the weighbridge computer system, each lorry is weighed in and out, with the net difference being the amount delivered. The loaded out data, this is the movement from the Raw Mats Bays to the Plant, comes from the local intranet, when the material is loaded out of the bay into a hopper it is then recorded on the intranet by the operator. Consumption of the material also come from the local intranet, this is an automated system that allocates a set amount of material per grade made and then is error checked by an operator on a daily basis. This data can then be used to create stock figures for the two stocking areas and will give a total stock figure. Stock figures for the Raw Mats Bay and Plant are provide by the operators in a weekly excel file.
[image: ]
Figure 3 – data table HCFeMn Small

A control limit was created basis 1 weeks average consumption plus 3.5 days (this is the standard deviation of the current delivery lead times), this give a control limit of 300t. An upper and lower control limit was created to be within 25% of the control limit. UCL = 375t and LCL = 225t.
Figure 3 – Stock control chart HCFeMn Small Total Stock by Week
[image: ]
The control chart showed that 29 weeks out 50 were not within the control limits. The control chart shows the process is out of control and has unstable variation. 
One thing was noted at this stage was that if we used the stock data from the operators this could be masking an issue and we should just use the other secondary data sources to calculate a stock level. Also this chart is showing actual data that has already effected by changes made to orders and has been manually brought back into a more controlled state. A new data table was created with calculated stock. 
[image: ]
Figure 4 - data table HCFeMn Small calculated stock

This data was then reapplied to the stock control chart. 
[image: ]
Figure 5 - Stock control chart HCFeMn Small Total Stock by Week with calculated stock figures
This now shows that process is still out of control, but there is a more natural variation and it is systemic. 
The data provided shows that the trend is downwards, showing that if you used data only to control your stock figures your stock would be coming down each week. As shown in the control chart when you add a trend line for the total stock. We are unable to use the SPC approach to automatically make the calls offs until the process is brought into control.
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Figure 6 - Stock control chart HCFeMn Small Total Stock by Week with calculated stock figures and trendline on total stock
This shows that process data is either over declaring the consumption of HCFeMn Small or the delivery data is missing/incorrect.
This data is used to predict forward call offs to suppliers and matches the issue that we are over ordering this material
To further improve the data analysis, the data for the RMB stock and Plant stock was also put into Stock Control Charts. 

Figure 7 - Stock control chart HCFeMn Small RMB Stock by Week
[image: ]
Figure 8 - Stock control chart HCFeMn Small Plant Stock by Week
These two graphs show there is also an issue in the recording of data between the two stocking locations. This would indicate that the load out data is missing movements between the stocking areas as the fist stocking location is holding too much stock and the second location is in negative stock. 
The data analysis has shown there are potential errors in all the secondary data used in for the charts. 


3. [bookmark: _Toc99555152]Root Cause Analysis
There are potential errors in all the data sources being used in this process, it was decided to use processing mapping to help with the root cause analysis and also map the data stream along side it. When doing a process map it’s also very important to map the transactional side of the process and especially when we are looking at potential data issues. 
“Manufacturing value streams do not operate without support from transactional processes. From the sales order process to the purchasing of raw materials to the shipping of finished goods, transactional processes are intertwined with the production floor.” (Nash, 2008)
[image: ]
Figure 8 – Process Map FeMn Process

A multi-disciplined team was put together, compromising of technical, planning, finance, process control and operations (Raw Materials & Plant), to bring together a comprehensive process flow map.
From this process 23 areas of concern were raised and documented, these are some of larger issues.
Product ID - Each material has a unique material master number, for HCFeMn Small it is 70000101. This material master was used throughout the process, except for the load out section. On the operators system that records the load out figures it only shows a general material master for both HCFeMn Small and Large, then provides a drop down menu to select the material by name. This meant operators could easily pick the wrong material when entering the detail.
Consumption Data – the consumption data on the intranet is uploaded on a Monday morning and is then validated by a team member of process control to make sure the materials consumed match the bill of materials for each steel grade made. The new validated data is uploaded into the finance software system but the intranet is not updated. Process control make changes to the data every week due to errors and the fresh data is not being used by the planning or operations team as they both use the intranet data.
[image: ]
Figure 9 – Process map extract showing the consumption data validation process missed by the planning team
Delivery Data –The operator enters the delivery data in SAP, the intranet and Excel. The excel report is then sent out to the teams. Each report is a manual process and is open to human error. On review of the data after this was realised there are quite often differences depending on which version of the data you have. Also when a delivery is received at the Raw Mats Bays, the operator receives the delivery note from the supplier with the supplier weight on it and an internal weighbridge ticket. But the internal weighbridge ticket only shows the gross weight of the lorry as the lorry has been reweighed at that point with out the load on it. The suppliers weight is booked into the three systems and is not checked against the internal net weight once it is known. This check between the two weights is done when the invoice is received from the supplier and is only updated if there is an issue in the finance systems. 



[image: ]
Figure 9 – Process map extract showing delivery data being entered three times
Material abortion from bunkers – if the material needs to be removed from the bunker in the plant without being consumed due to a last minute grade change, this is not recorded depending on what part of plant it happened on. If the abortion of material happens in the vessel, the material is put into a mixed pile of material. The mixed pile of material is then collected by a contractor and is taken to their ring fenced site for reprocessing. But this process is not recorded in any way, we are not aware of when a bunker is aborted and the movement of material to the ring fenced site in also not recoded. 
[image: ]
Figure 10 – Process map extract showing the flow around if a material is aborted or not


4. [bookmark: _Toc99555153]Action Plan
Product ID -  Rewrite of the intranet is needed so all the latest material masters are available for selection, this can fix the issue in the short term. A long term fix to the issue is automating the system of recording the load out data. Currently the material is loaded out of the bay by a front loaded shovel that weighs the material this data could be automatically loaded into the intra net rather than the operator manually typing in this data from ticket. 
Consumption Data – All works areas should be using the validated data published by process control. But the process control data is currently released too late in the week for the planning team to use as business decisions and call offs to supplier are made on Tuesday. In the short term, process control should validate the data on a Monday as soon as it is available and then sending out the data to all relevant teams rather than just sending to finance. Further root cause analysis is needed on this area to work out why the data needs validating as it should be correct first time around. 
Delivery Data -  Remove the need for the data to be entered three times into separate reports. SAP is the only system that has further business functions associated with it, being finance and invoicing. Going forward only enter the data into SAP and then have a report created from there to end out to the other business units. In regards to booking in the supplier weights into the system before checking against the internal weighbridge figures, the operator should wait for the lorry to leave site so the net weight is known and validate before booking into SAP.
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delivery loadout rmb stock usage plant stock total stock

10 Apr 21 202114

207.7 153.3 154.6 134.7 126.0 280.6

17 Apr 21 202115

234.8 148.1 205.1 147.4 128.0 333.1

24 Apr 21 202116

287.2 174.0 334.4 168.6 90.0 424.4

1 May 21 202117

155.9 175.2 315.2 219.5 45.7 360.9

8 May 21 202118

161.2 268.4 157.3 221.4 128.0 285.3

15 May 21 202119

132.5 155.5 103.1 101.0 129.0 232.1

22 May 21 202120

159.8 166.2 52.1 174.6 146.0 198.1

29 May 21 202121

106.5 235.0 35.0 206.3 86.0 121.0

5 Jun 21 202122

178.9 162.0 45.6 191.3 101.0 146.6

12 Jun 21 202123

238.4 82.2 63.5 157.2 123.0 186.5

19 Jun 21 202124

262.3 164.8 101.8 194.5 121.0 222.8

26 Jun 21 202125

128.4 185.8 101.8 166.7 121.0 222.8

3 Jul 21 202126

108.2 141.7 79.6 146.7 118.0 197.6

10 Jul 21 202127

131.7 9.5 62.3 163.7 136.0 198.3

17 Jul 21 202128

230.5 82.7 140.9 114.0 142.0 282.9

24 Jul 21 202129

152.1 130.8 162.2 151.0 121.8 284.0

31 Jul 21 202130

131.0 134.3 76.0 156.3 150.0 226.0

7 Aug 21 202131

74.7 139.3 69.0 147.6 134.0 203.0

14 Aug 21 202132

126.0 153.5 41.5 152.4 135.1 176.6

21 Aug 21 202133

199.9 126.8 114.6 144.0 118.0 232.6

28 Aug 21 202134

181.9 160.4 130.0 191.4 154.0 284.0

4 Sep 21 202135

158.9 145.2 200.1 199.4 140.0 340.1

11 Sep 21 202136

157.4 160.1 201.1 131.5 141.0 342.1

18 Sep 21 202137

128.8 118.9 207.3 162.6 124.8 332.1

25 Sep 21 202138

49.1 169.3 79.0 207.2 114.0 193.0

2 Oct 21 202139

75.6 -39.1 90.5 171.0 116.0 206.5

9 Oct 21 202140

235.3 146.4 146.7 126.2 105.0 251.7

16 Oct 21 202141

121.9 154.0 147.3 165.1 125.1 272.4

23 Oct 21 202142

227.7 186.3 143.4 152.4 129.0 272.4

30 Oct 21 202143

184.0 160.0 206.9 167.2 128.0 334.9

6 Nov 21 202144

190.1 159.1 241.7 174.5 121.0 362.7

13 Nov 21 202145

154.0 105.2 289.6 141.5 122.0 411.6

20 Nov 21 202146

155.4 184.5 314.8 209.9 99.0 413.8

27 Nov 21 202147

101.0 176.6 239.2 195.7 79.9 319.1

4 Dec 21 202148

182.7 107.2 271.3 130.5 128.0 399.3

11 Dec 21 202149

129.8 191.5 170.1 161.9 140.0 310.1

18 Dec 21 202150

204.6 130.4 328.8 141.8 136.0 464.8

25 Dec 21 202151

154.3 156.9 324.7 157.7 74.0 398.6

1 Jan 22 202152

28.1 119.0 233.8 139.4 53.6 287.4

8 Jan 22 202201

149.4 161.1 175.2 185.2 149.0 324.2

15 Jan 22 202202

132.7 201.6 127.2 193.0 134.0 261.2

22 Jan 22 202203

130.7 180.0 77.9 216.5 97.5 175.4

29 Jan 22 202204

234.8 110.9 116.0 146.5 132.0 248.0

5 Feb 22 202205

107.0 107.0 201.8 75.7 93.2 294.9

12 Feb 22 202206

138.3 38.3 293.0 41.4 141.0 434.0

19 Feb 22 202207

27.5 59.1 216.7 95.0 151.0 367.7

26 Feb 22 202208

75.0 100.6 235.9 146.1 59.5 295.3

5 Mar 22 202209

111.3 149.6 195.0 128.1 140.0 335.0

12 Mar 22 202210

139.1 119.7 195.0 181.0 115.0 310.0

19 Mar 22 202211

193.4 161.1 257.9 164.9 128.0 385.9

HCFeMn Bulk (Small)
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delivery loadout rmb stock usage plant stock total stock

10 Apr 21 202114

207.7 153.3 188.2 134.7 136.8 325.0

17 Apr 21 202115

234.8 148.1 275.0 147.4 143.9 418.8

24 Apr 21 202116

287.2 174.0 388.1 168.6 149.2 537.4

1 May 21 202117

155.9 175.2 368.9 219.5 104.9 473.8

8 May 21 202118

161.2 268.4 261.6 221.4 152.3 414.0

15 May 21 202119

132.5 155.5 238.6 101.0 206.9 445.5

22 May 21 202120

159.8 166.2 232.2 174.6 198.4 430.6

29 May 21 202121

106.5 235.0 103.7 206.3 227.1 330.8

5 Jun 21 202122

178.9 162.0 120.7 191.3 197.8 318.5

12 Jun 21 202123

238.4 82.2 276.9 157.2 122.8 399.7

19 Jun 21 202124

262.3 164.8 374.3 194.5 93.2 467.5

26 Jun 21 202125

128.4 185.8 317.0 166.7 112.3 429.2

3 Jul 21 202126

108.2 141.7 283.4 146.7 107.3 390.7

10 Jul 21 202127

131.7 9.5 405.6 163.7 -46.9 358.7

17 Jul 21 202128

230.5 82.7 553.5 114.0 -78.3 475.2

24 Jul 21 202129

152.1 130.8 574.7 151.0 -98.4 476.3

31 Jul 21 202130

131.0 134.3 571.4 156.3 -120.4 451.0

7 Aug 21 202131

74.7 139.3 506.8 147.6 -128.7 378.1

14 Aug 21 202132

126.0 153.5 479.2 152.4 -127.5 351.7

21 Aug 21 202133

199.9 126.8 552.4 144.0 -144.7 407.7

28 Aug 21 202134

181.9 160.4 573.9 191.4 -175.7 398.2

4 Sep 21 202135

158.9 145.2 587.7 199.4 -229.9 357.7

11 Sep 21 202136

157.4 160.1 585.0 131.5 -201.4 383.7

18 Sep 21 202137

128.8 118.9 594.9 162.6 -245.1 349.8

25 Sep 21 202138

49.1 169.3 474.7 207.2 -282.9 191.7

2 Oct 21 202139

75.6 -39.1 589.4 171.0 -493.1 96.3

9 Oct 21 202140

235.3 146.4 678.2 126.2 -472.9 205.4

16 Oct 21 202141

121.9 154.0 646.1 165.1 -484.0 162.2

23 Oct 21 202142

227.7 186.3 687.5 152.4 -450.1 237.4

30 Oct 21 202143

184.0 160.0 711.5 167.2 -457.3 254.2

6 Nov 21 202144

190.1 159.1 742.5 174.5 -472.7 269.8

13 Nov 21 202145

154.0 105.2 791.3 141.5 -508.9 282.3

20 Nov 21 202146

155.4 184.5 762.1 209.9 -534.3 227.9

27 Nov 21 202147

101.0 176.6 686.6 195.7 -553.4 133.2

4 Dec 21 202148

182.7 107.2 762.0 130.5 -576.6 185.4

11 Dec 21 202149

129.8 191.5 700.4 161.9 -547.1 153.3

18 Dec 21 202150

204.6 130.4 774.6 141.8 -558.5 216.1

25 Dec 21 202151

154.3 156.9 772.0 157.7 -559.3 212.7

1 Jan 22 202152

28.1 119.0 681.1 139.4 -579.7 101.4

8 Jan 22 202201

149.4 161.1 669.5 185.2 -603.9 65.6

15 Jan 22 202202

132.7 201.6 600.6 193.0 -595.3 5.3

22 Jan 22 202203

130.7 180.0 551.3 216.5 -631.8 -80.5

29 Jan 22 202204

234.8 110.9 675.2 146.5 -667.4 7.8

5 Feb 22 202205

107.0 107.0 675.2 75.7 -636.1 39.1

12 Feb 22 202206

138.3 38.3 775.2 41.4 -639.2 136.0

19 Feb 22 202207

27.5 59.1 743.7 95.0 -675.2 68.4

26 Feb 22 202208

75.0 100.6 718.1 146.1 -720.8 -2.7

5 Mar 22 202209

111.3 149.6 679.8 128.1 -699.2 -19.4

12 Mar 22 202210

139.1 119.7 699.2 181.0 -760.6 -61.4

19 Mar 22 202211

193.4 161.1 731.5 164.9 -764.3 -32.8

HCFeMn Bulk (Small)
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