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Abstract 
With the expansion to the Renishaw Miskin facility site, new and existing product lines are expecting to double in capacity. This as a result forecasts a dramatic increase for the need in integrated PCB’s. As there is only one SMT line within Miskin this forecast comes at great stress to the department as demands could be expected to double. To ensure these demands are met it is crucial that the process is running at it most optimised. This investigation focused on the SX2 pick and place machine as it was highlighted as the process bottleneck. The purpose of this study was to identify and understand why the SX2 had been underperforming compared to other inline equipment. The goal to come up with improvements for senior management to consider. Through using literacy and the help of stakeholders along with six sigma tools it was made clear that the reason the SX2 had been underperforming was down to its incorrectly setup for the current state of production demand. Using Data and OEE calculations a baseline for the machine performance was made it was then after improvements suggested was another data collection and OEE calculation conducted. This difference in data indicated the improvements made to the setup had worked which resulted in decreasing its overall run time by 16%. 
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Chapter 1: Introduction
[bookmark: _Toc135426071]1.1   Company
Renishaw is a global, high precision metrology and healthcare technology group. The company has over 5000 employees covering 77 offices in 36 different countries. It was started in 1973 by the two founders Sir David McMurtry and John Deer and since then the company has become one of the world leaders in fields such as additive manufacturing and encoder produces. (Renishaw, 2023)
[bookmark: _Toc135426072]1.2   The Project
The manufacturing industry has always been viewed as competitive and therefore, companies find themselves continuously looking to improve in as many aspects possible with the hopes of separate themselves from others and to meeting their customer needs. This project was used as an investigation into the Surface Mount Technology (SMT) Department within Renishaw. The investigation utilises Overall Equipment Effectiveness (OEE) as a metric to help highlight weaknesses within the current process, allowing improvements to be introduced and measured for future departmental development. Majority of Renishaw’s products sold to customers require an inbuilt Printed circuit board (PCB), which are manufactured in-house at both Miskin and Woodchester’s SMT Departments. This project had been undertaken at Miskin’s SMT department due to a greater flexibility access without disruptions to project. It was decided if successful, along with senior management approval, the project would be permanently implemented into both Miskin and Woodchester’s SMT Department. 
[image: ][image: A high angle view of a building

Description automatically generated with low confidence][image: ]As growth within the company continues to excel so does Miskin’s site as a £50 million investment for an additional two production halls (400,000 ft²) had been announced in June 2022 as seen in Figure 1.1, This allows Renishaw to continue meeting significant demand for new and existing products arises within the market. This includes Encoders, Machine tool probes and a new line of Agility (CMM). These increased demands had forecasted to cause tremendous stress onto the SMT Departments, consequently converting it from its low/medium-volume to a high-volume production state. This transformation gives purpose for undergoing this investigation into improve output productivity using lean manufacturing techniques to ensure the company keeps customers interest. This project discusses how the Pick and Place machines performance had been improved through optimising its previous method of setting up and running the machine using a cluster (multiple assembly job within a single run) to running a single assembly job only.




[bookmark: _Toc135351057][bookmark: _Toc135425080]Figure 1. 1 : Drone Images of the Miskin site development for hall 3 & 4 (Renishaw, 2023)


1.3   Methodology
[bookmark: _Toc135426074]1.3.1   DMAIC Approach
For the project to succeed the correct methodology had to be used to ensure a clear and effective professional structure. Being a Six-Sigma project looking into process improvement a DMAIC Process was chosen on the reasons highlighted in section 1.3.2. DMAIC is an acronym which stands for the 5 phases Define, Measure, Analyse, Improve and Control. The DMAIC is a data driven quality strategy that can resembles a roadmap. Within each phase, steps must be completed and understood to move onto the next. (THE DEFINE MEASURE ANALYZE IMPROVE CONTROL (DMAIC) PROCESS, 2022)
Define is where the project is selected and a scope is given outlining its project problem, goals, limitation, timeframe (Gantt Chart) and voice of customers. Measure usually consists of creating a plan for reliable data collection and understanding/recording current process creating a collective reliable data baseline. Analysis is the stages in which the potential causes are investigated and examined with the use of graphically displayed to aid process of elimination to verify main cause. The improve phase is where solutions are generated through brainstorming exercise and then tested to measure level of improvement (cycle-time and costs). The final phase is Control, this is where a successful solution has been generated and tested, it is now important that the solution is maintained at the same level using plans put in place such as 5’s and others. This phase also gives opportunity to investigate further improvement to better again. 
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[bookmark: _Toc135351058][bookmark: _Toc135425081]Figure 1. 2 : DMAIC Lifecycle, Aneurin Bamsey

[bookmark: _Toc135426075]1.3.2   Why DMAIC?
Before deciding on a DMAIC process alternatives such as DMADV (Define, Measure, Analyse, Design and Verify) and IDEAL (Initiating, Diagnosing, Establishing, Acting and Learning) were considered. DMADV less as its focus surrounds designing new products and processes rather than existing ones. IDEAL also referred as the transition process was introduced by individuals within the (SEI) with the idea of focusing on improvement ideas (ideal state) and proceeding to make them reality for a greater customer satisfaction, this approach is known as a Strength-based. Conversely to that DMAIC inheritance a weakness-based approach which focuses more on reducing costs and cycle time, using data to expose causes within a process to then generate solutions (Hallowell, 2022). Regarding this project honestly will provide best results, Strength-based approach tends to display only its most eye appealing data missing small, troubled details which has potential to migrate issues to a larger scale later. Whereas organisations that embrace the weakness values highlight the micro issues to discover its fundamental causes and drivers to utilise all opportunities. Although the goal is primary to ensure customer satisfaction is met, constraints must first be reduced which is why DMAIC was chosen over the next best suited Methodology.














[bookmark: _Toc135426076]1.4   Gantt chart 
[image: ]A Gantt Chart was created to ensure the project deadline would be closely monitored to meet required Milestones and deadlines. This would act as a rough roadmap to what steps was required to arrive at the destination, The goal was to finish a week or two prior the Final deadline to ensure everything could be checked over before final submission. The Gantt chart was structure using the DMAIC approach also to keep consistency and clear milestone within the project. The start date for the Gantt chart started on Tuesday 2nd of August 2022 and finished on May 14th giving a 5-day grace period. Find full size Gantt Chart in Appendices (Apx.1).














[bookmark: _Toc135425082]Figure 1. 3 : Gantt Chart 
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Displayed above is the completed Gantt chart, which shows the projects entire process from start to finish. Unfortunately, other than the initial viva there is no history of the initial Gantt Chart. Find Presentation Viva in (Apx.2) for comparison. Date had been moved around as deadlines did not allow enough time for Optimised data collection which can be seen in Measure phase. 



Chapter 2: Literacy Review
[bookmark: _Toc135426078]2.1   Surface Mount Technology, SMT
Surface Mount is no recent concept, the process allows modern day assembly of electronic print circuit boards to be manufactured. Over the past decades, the world has pushed for miniaturisation within the electronic industry, with the goal of using smaller more compact products (Prasad, 2013). Although the idea of electronic assembly has remained the same the method of assembly has changed several times over the years. Between 1920-1950’s had the Vacuum tube era, from then until the 1960 had the transistor era and a couple years after around mid-1960 arrived the integrated circuit era, which is what is seen used today (HUI, 1996). Within this integrated circuit era there have been many types of assembly methods with the most common being Through-hole Technology (THT) and SMT. Through hole is still used today but is nowhere near as popular as once was. This is due to high costing and restrictions. THT is the construction process in which components are place through drilled holes located on the board and then mounted together using a soldering machine such as a wave or selective (Seide, Kastle, Ockel, & Franke, 2022). As technology advanced so did the complexity of the PCB design. Boards have gone from a basic single sideboard to double-sided and can now even find multi-layered boards. These advancements left THT struggling to meet assembly requirements, therefore presenting the opportunity for SMT to exceed (Amole, Adewuy, & Akinde, 2021). Using SMT can achieve low cost, reliable, high packing density PCB production due to its ability to solder components onto the boards surface in one process through using a solder print machine, a pick and place machine and a reflow oven (HUI, 1996). Whereas THT would have to run through 2 or more due to its nature. Using surface mount technology also allows the use of smaller components which furthermore reduces the area needed for a given function and moreover allows greater room to add quiet I/O areas and fit suppression and filtering components where needed (T. Williams, 2010). Although many think technology will rapidly change in years to come causing another industrial change but (Houston, 2001) suggests that the PCB markets will still have a massive growth and demand as well as the use of SMT will continue to increase as the expectations for even smaller size PCB to be produced. 
[bookmark: _Toc135426079]2.2   Overall Equipment Effectiveness 
Today’s business world suffers from an extremely fast-evolving economy where only the best succeeds. However, even the best within their industry can find struggle. This all stems from what is known as a competitive market, where business sales, profits and customer growth base are constantly observed, the only way for businesses to continue to stay afloat is by establishing superiority over others and meeting customers’ demands. (Jürgen Fleischer, 2006) Stresses that the competitiveness within manufacturing companies is down to their availability and productivity towards production facility. (Samuel H. Huang, 2003) further stresses to perpetuate this, organisations must oversee and maintain production facilities closely and correctly. (Samuel H. Huang, 2003) also states because of the markets intense competitive characteristic, companies are forced to improve and optimise their way of production to compete in the industry, meaning finding more meticulous ways to identify factors including equipment availability, performance, and quality. This is where OEE comes into play. OEE was first used as a quantitative metric by Nakajima in 1980s when Nakajima introduced the Total Production Maintenance (TPM) concept (Nakajima, 1988). In which equipment is individual measured highlighting and recording losses surrounding its availability, performance, and quality with the goal of achieving zero breakdown/defects, improving productivity and reduced cost. The goal of OEE is to calculate the individual piece of equipment performance to ensure it is doing what it is supposed to do (Williamson, 2006). The calculation then produces three analytical baseline percentages (Availability, performance, and quality). These baselines provide a basis for improvement priorities and initiates root cause analysis for uncovering hidden capacity within a process. (Dal, Tugwell, & Greatbanks, 2000) Adds onto this by saying OEE also tracks and traces improvements or decline in equipment’s effectiveness over time. Oppose to this a paper on OEE’s flexibility highlights why it believes OEE may not be best for uncovering hidden capability. Highlighting as today’s customer demands is catered more personalised result in equipment, requiring greater flexibility capacity to meet frequent product changeovers and therefore decreasing equipment’s availability. Slowing down cycles and introducing learning- forgotten effect on operators which all can lead to an increase in defects/ quality issues. But this theory seems to only apply if OEE is not accurate collecting data or being watched closely. Flexibility is important but to achieve successful OEE measurements data is crucial, not only any data but valid data. Data collection is the most important factor into any OEE project as without data no measurements mean no improvements. The worst thing to do within a business is to mask true data as it leads to no true results (Corp, 2023). This can be done by inadequate data collection or inaccuracy in data recording. (Jonsson & Lesshammar, 1999) Suggests obtaining correct ‘true’ data companies must sacrifices enough resources without restrictions as restrictions could later cause losses (activities that absorb more resources which provide no value). Examples of OEE within industry has shown that the tool delivered positive results and satisfaction among manufacturers. A case study found (Chiarini, 2015) discusses how an Italian injection mould company was able to improve their thermoplastic-injection presses machine performance using OEE which as a result increasing its OEE value from 40% to 60%. Another injection moulding company that manufactures plastic parts for the automobile industry had also incorporated OEE into their continuous production practices in which they also improved their OEE value from 61% to 81%. (S.R.Vijayakumar & S.Gajendran, 2014 ). Unfortunately using the tool does not always provide positive results. As mentioned, without accurate descriptive data the tool is useless. (Hedman, Subramaniyan, & Almström, 2016) had carried out a study in which data was acquired from 23 different companies and 884 machine and found the average OEE as calculated around 65% with almost half of the recorded losses unclassified due to lack/poor descriptions. This arises the question are most companies measuring OEE or just equipment’s availability as speed efficiency can be difficult to record and quality rates can vary per machine. However, if individual companies invest both time and effort into technical systems for automatic measurements these issues can be handed to produce defined core data. 
[bookmark: _Toc135426080]2.3   Optimisation Pick and Place Machine
The SMT pick and place machine has evolved rapidly throughout the years with the goal of increasing speed, accuracy, and usability. The machine is responsible for picking and placing components correctly onto a PCB. (He, Li, & Yoon, 2017) Discusses that although the machine is possibly the most important on the SMT line it usually found to be the processes bottleneck. This has caused plethora of studies and investigation in recent years all with the goal to increase the machines speed performance. Component sequence problem (CSP), Feeder assignment problem (FAB) and Nozzle assignment problem (NAP) are all aspects within a setup that affect a machine performance. (Hs, 2022) Highlights how FAP and CSP have been historically the prime focus, leaving NAP to be ignored due to its complexity. Therefore, resulting in underachieving total potential output of optimisation. (Hs, 2022) Paper introduces a two-stage hybrid framework to overcome these problems on a multi-head system using both metaheuristic and dynamic programming methods. It was made clear, through using different metaheuristics it would allow to overcome CSP and FAP optimisation issues within stage one. Following this by using dynamic programming in stage two found a solution for NAP. Another study which looked at the same issue, but used a different approach was (Lee, Lee, Lee, & Lee, 1999)  where a generic algorithm was used to solve the problem also on a multi-head system. The method was to group the reels (component) together, this was shown to perform better than the heuristic algorithm which is currently used in industry. It was found through using computer simulation that it had saved an average 10.7% of assembly time. One noticeable similarity among all researched papers although solutions where uncovered, if not all authors would conclude discussing how this area required more investigating and research, insinuating that there are still areas surrounding this problem that need addressing and is not yet fully understood. These papers include (Hs, 2022), (Ahmadi & Kouvelis, 1994) and (Li, Qiang, & Yoon, 2017). 
[bookmark: _Toc135426081]CHAPTER 3: DEFINE
[bookmark: _Toc135426082]3.1   Problem statement 
As production is forecasted to increase significantly due to site expansion over the next 5 years, it has been identified that the SMT production line which is responsible for producing all Renishaw integrated PCB boards will likely struggling to keep up with inhouse demand. As a result, this investigation had been carried out, analysing the whole SMT line and identifying the Pick and Place machine underperforming and slowing down the processes output capacity which has been made clear later within the define phase though bottleneck process mapping. 

[bookmark: _Toc135426083]3.2   Aims & Objectives
3.2.1 [bookmark: _Toc135426084]  Aims
· Highlight the misuse of the pick and place machines’ performance. Using OEE as a metric value to compare machine capability, before and after improvements to produce a recognised baseline.
· Ensure a Return on investment (ROI) can be made from the project. 
[bookmark: _Toc135426085]3.2.2   Objectives 
· Utilising data collection plan to collect accurate data for OEE calculation values which would be used as a machine’s baseline.
· Using Six sigma industrial tools to correctly identify the route cause.
· Comparing Initial OEE value with Optimised OEE value to display improvements to the machine is performing.  
· Using Cost benefit analysis to estimate ROI. 







[bookmark: _Toc135426086]3.3   Project Charter/Scope 
[image: ]A project charter had been the first piece work done on the project, this highlight the projects justification, what is expected, its goals, its customer, any initial assumptions that was made as well as any constrains that would be expected to face. It had also included deadline taken from the university to help create an expected timeframe. This was created to help ensure project succession for the companies benefit. The Project team included only me with the aid of stakeholders in a few research and analysis activities. [bookmark: _Toc135425222]Table 1. 1 : Project Charter

[bookmark: _Toc135426087]3.4   Background Research
[bookmark: _Toc135426088]3.4.1   SMT Process 
The Surface Mount Technology Production process is an assembly process for placing electronic components onto a circuit board surface to create a working board that can be used for a massive variety of application. The Process involves many sub-processes to manufacture the final integrated printed circuit board (PCB). The image below shows the SMT process line that can be found on both Renishaw sites. [image: Graphical user interface

Description automatically generated with low confidence][bookmark: _Toc135425091]Figure 3. 1 : SMT line diagram within Renishaw Department, Miskin 





[bookmark: _Toc135426089]3.4.2   Pre SMT-Process  
[image: ]Before starting the SMT process, panels (Multiple board located on a single board) and individual boards are required identification this is done through engraving 2D barcodes onto the surface using an ASYS Laser Marker. This is crucial as it allows engineers to record traceability of each PCB. 
[image: A picture containing graphical user interface

Description automatically generated]




[bookmark: _Toc135425092]Figure 3. 2 : PCB with a 2D barcode engraved on surface.



[bookmark: _Toc135426090]3.4.3   Solder Paste Printing (ASMPT Dek Horizon)  
This process uses a solder paste mixed with sticky flux (which act as both a glue holding parts in place as well as cleansing soldering surface of impurities/oxidation) in the form of a putty which is applied onto the board. This is achievable using a stencil and squeegee (Fig.8). 
Solder paste is first placed by operators on top of the stencil, when the machine operates, a board is sent under the stencil using convert belts. The board is then pressed against the bottom side stencil leaving no space between the two. The squeegee then runs over the top side stencil spreading the solder paste evenly across and filling the stencil apertures (Printing over the copper soldering pads on the board) with the correct quality of paste needed taken from the stencil thickness to achieve appropriate soldering.
[image: ] 







[bookmark: _Toc135425093]Figure 3. 3 : Outside of the Horizon Dek Machine at Miskin
Squeegee blade
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[bookmark: _Toc135425094]Figure 3. 4 : Inside the Horizon Dek Machine, including squeegee, paste and stencil.
[bookmark: _Toc135426091]3.4.4   Component Placement (ASMPT SIPLACE SX1 & SX2) -
The board is transported into the Pick and Place machines SX2 and SX1 (Fig.6), where components are placed accurately onto the solder paste locations using either a twin or turret heads. The turret heads are found fitted on the SX2 and have a collective 12 nozzles that pick parts up from loaded feeders on either end of the machine. These components tend to be small whereas the Twin head only able to hold two nozzles, located on the SX1 is used for larger components collected from feeders and wafer trays. All nozzles use vacuum to pick, hold and place each part alongside high-speed cameras within the gantry head and machine bed to ensuring correct positioning when picking at high speeds.
[image: ]







[bookmark: _Toc135425095]Figure 3. 5 : Pick & Place SX1 and SX2 side profile at Miskin
[image: Timeline
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[bookmark: _Toc135425096]Figure 3. 6 : SX2 Turret Head (SIPLACE)


[bookmark: _Toc135425097]                  Figure 3. 7 : SX1 Twin Head (SIPLACE)
3.4.5   Reflow Soldering (BTU International) -
The reflow process is done in stages. The newly placed boards are first sent in at room temperature entering a preheat zone (highlighted yellow in Fig.8). This zone temperature gradually increases simultaneously and evenly to around 140°C-160°C. This is done to prevent damage from thermal shock to components. The board then continues to the thermal soak zone (highlighted orange) this is where the flux is activated ensuring oxidisation is reduced around pads and improve soldering. In the reflow zone (highlighted red) temperatures around 210°C-230°C can be expected, depending on size and number of components on the board. The solder paste becomes liquid creating a bond between the component termination and the boards pads. The final stage is known as the cooling stage (highlighted blue) this is where the board, solder and components are cooled gradually again to avoid heat shock. As the solder cools it creates a solder joint between the component and the board. It is crucial to get the oven profiles correct to eliminate poor wetting of solder joints or damage to components. 
[image: Diagram, engineering drawing

Description automatically generated]







[bookmark: _Toc135425098]Figure 3. 8 : Temperature section diagram on Reflow oven. 
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[bookmark: _Toc135425099]Figure 3. 9 : International BTU Reflow Oven at Miskin

3.4.6   Inspection (Cyber Optics SX600) -
Finally, the board is sent through an Automated Optical Inspector (AOI) machine (Fig.10) where a camera analysis each component placed on the board and flagging any defect, then directs the board to either pass or fail stack to be checked and reworked by trained Technicians. 
[image: A picture containing indoor, floor, ceiling, counter
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[bookmark: _Toc135425100]Figure 3. 10 : CyberOptic Machine at Miskin











[bookmark: _Toc135426094]3.5   Process Bottleneck
A process bottleneck was first used to help dilute the searching process to help speed up the process of identifying potential under preforming or hidden capacity issues. 
A bottleneck is the stage in the process where its maximum throughput capacity is not meeting the required work capacity as others, therefore causing an interruption to a process flow, and creating delays to the final output time. (What Is a Bottleneck and How to Deal With It?, 2023) 
For accurate identification of a processes bottleneck it is crucial the data is clear and reliable. If this is not done correctly it can mislead the project in the wrong direction from the start, focusing on the wrong machine and wasting time and resources. Although initial research within the literacy review found that the pick and place machines tend to be the common SMT processes’ bottleneck. Before jumping to conclusions additional justification had to be done to verify this theory applies.
[bookmark: _Toc135426095][image: ]3.5.1   Process Map [bookmark: _Toc135425101]Figure 3. 11 : Process Map Identifying Process Bottleneck (SX2)

To identify a bottleneck each machine had an upstream and downstream percentage flow which would determine how long a machine is on standby waiting for its upstream flow of board this was done on all machine within the process and found SX1 to display a zebra effect due to a lack of oncoming boards in time. 
[bookmark: _Toc135426096]3.5.2   Zebra Effect Justification
[image: ]This theory was verified by looking at the SX1 data software that highlights an extreme case of a ‘Zebra effect’. As can see in the figures below the process flow is similar to zebra strips in which it shows the SX1 machine waiting on standby for the upstream flow of boards. 








[bookmark: _Toc135425102]Figure 3. 12 : Zoomed out Zebra Effect screenshot from SX1.
[image: ]Purple represents the SX1 on standby which totals 70%+ while green (productive) accounts for under less than 30%, this is a very severe example but displays the potential seriousness of the issue. Figure 3.13 is the same Figure 3.12, just zoomed in a shorter duration of the run. 
[bookmark: _Toc135425103]Figure 3. 13 : Zoomed in Zebra Effect screenshot from SX1.
When researched if anything been down about this, the supplier ASM have stated in (KG, 2023) that they have tried to do everything possible to eliminate this machine from becoming a process bottleneck this includes.
· Using a wider component spectrum
· Optimum performance utilisation
· More feeder tracks for the Twin Star
· Improved throughput due to perfect line utilisation 

[bookmark: _Toc135426097][image: A picture containing text, screenshot, computer, electronics

Description automatically generated]3.6   ASMPT SIPLACE SX2[bookmark: _Toc135425104]Figure 3. 14 : SX Machine (Systems)

The ASMPT SIPLACE SX2 is a high precision pick and place machine designed for PCB assembly. The machine is made from the ground up to deliver modern mix of production. To better understand how the machine operates this section will discuss is key areas.  
[bookmark: _Toc135426098]3.6.1   Transport system
[image: ]The SX2 machine uses a single conveyor system that runs through the centre of the machine where boards can be loaded to the build position as well as unloaded. To prevent board movement while building, clamps activate from below holding it securely. The conveyor system also considers various board sizes using automatic width adjustment to fit all between 50mmx50mm to 450mmx560mm.[bookmark: _Toc135425105]Figure 3. 15 : SX single conveyor system (Systems)

[bookmark: _Toc135426099]3.6.2   The Head and Gantry
[image: A picture containing text, electronics, computer

Description automatically generated][image: A picture containing machine, indoor, electrical wiring, electronics

Description automatically generated]The machine is built with two multi-Star heads that travel in both X and Y Directions using encoding scale gantry systems. This allows for high-speed precision movement down to a micrometre. This is essential for meeting accuracy requirements. The heads use a 12-segment turret design to allow 12 separate nozzles to operate at once. These nozzles are then used to pick, hold and place required components using vacuum. When picking up components the turret positions the appropriate nozzle for the component size at the 6 o’clock position. Once obtained the turret head will rotate a total 180 degrees so that the component is at the 12 o’clock position where a camera is located above to check components and its positioning as a check is satisfied it will continue doing the same for the other 11 segments before placing onto boards. [bookmark: _Toc135425106]Figure 3. 16 : Head fitted on the SX machine Gantry. 

[bookmark: _Toc135426100]3.6.3   Nozzle Bank
The Nozzle bank is where all the required nozzles are kept within the machine. These allow ease when a nozzle changeover is required mid-run or at the start of a new run. The banks are located on the bed on either side of the machine behind the entrance door. Each bank holds a total 12 nozzles and there are 8 banks on either side of the machine in total. The location for each physical nozzle is matched with the software interface to ensure the machine and user are aware what is where if required changing. [bookmark: _Toc135425107]Figure 3. 17 : Birds eye of Nozzle banks inside SX2 machine

[bookmark: _Toc135426101]3.6.4   X-Feeders[bookmark: _Toc135425108]Figure 3. 18 X-Feeder image (Systems)

The tape feeders are responsible for feeding components accurately to the heads. Components arrive in reels which can be fed into feeder manually. The machine can recognise each feeder by its module ID to prevent mix-up and confusion. Once the feeder has been set up correctly (Aligning the components to its required pitch pick up window) the feeder then uses a brushless motor to continuously feed components to the correct pick-up window when needed by the machine. [image: Graphical user interface, text

Description automatically generated]The benefits using these feeders allow to minimise stoppage as feeders can be easily swapped in and out of the machine, and by using its contactless feature which when seated against the feeder control unit, data and power can transmit back and forth making its very user friendly. The feeders also display a traffic light system to help signal its status. 
[bookmark: _Toc135426102][image: Diagram

Description automatically generated]3.6.5   Feeder Trolley
This is also known as a Cot; it is responsible for holding all the feeders and component reels to allow easy/quick loading and unloading of the machine during changeovers. The trolly can hold up to 60 feeders in total and has an empty drop trey to collect all tape excess from reels to control mess. Positioning and height are crucial as all feeders depend on it as a fixed position.
[bookmark: _Toc135425109]Figure 3. 19 : Feeder trolley image (Systems)













3.7 Overall Equipment Effectiveness (OEE)
[bookmark: _Toc135426104]4.7.1   Overall Equipment Effectiveness
Overall Equipment Effectiveness is a best practice tool that is used in lean manufacturing as a standard for measuring the process/equipment’s productivity. Productivity is then used to assess how well a process is running in the eyes of the manufacturer. So, by using OEE it identifies the TRUE productivity of the process. The tool looks over Availability (no stop time), Performance (runs fast as possible) and Quality (producing only good parts). It would then calculate giving a percentage for each aspect and then use the equation below (Fig.1) to calculate the total OEE. Therefore, highlighting any underlining losses to be exploited and ameliorated.
[bookmark: _Toc135425110]Figure 3. 20 : OEE Calculation, Aneurin Bamsey 


The diagram below (Fig.2) gives a visual example of the potential productive time that could be lost. By being able to identify where the losses occur and the size of the losses is crucial for engineers, as it saves time and money searching blind.  
[image: ]







[bookmark: _Toc135425111]Figure 3. 21 : OEE Time Diagram, (Overall Equipment Effectiveness, 2022)

3.7.2   OEE Justification
As well as OEE there are several other tools that operate in similar fashion. It is crucial that the correct tool is selected for the project. Other tools that can be found in the industry are Overall Production Effectiveness (OPE) also known as Total Effective Equipment Performance (TEEP) and Mean Time Between Failure (MTBF). 
· OPE
· This is the ratio of total production time to all time – looking at the wider manufacturing capacity of a plant. 
· Whereas OEE measures the percentage of planned production time that is true productivity, OPE measures the percentage of All time that is true productive.
· OPE looks against 24/7, 365 days, after discussing with management they are not concerned about time lost when equipment planned to go down as they have already taken consideration to expecting weekends, holidays, and planned maintenance.
· TEEP = OEE x Utilization 
(Klaess, 2023)

· MTBF
· Tells how often on average (Mean), it should be expected to see an equipment fail to fulfil its function. Higher MTBF performance is better as its expected to run as expected without interruptions and attributes to failure for longer. 
· Does not consider situation where equipment is running at reduced rate nor the size or duration of the run. 
· are metrics that indicate the equipment’s reliability and durability?
(Which is right for you? OEE vs. MTBF, 2023)






3.7.3   Conclusion 
These tool all have one thing in common they are proven very helpful if used correctly but if not, they can lead to worsening a situation. Initially OPE seemed to be the ideal choice as it not only looks at the machine it also investigates what can affect the effectiveness around the machine, therefore not isolating the search area. Unfortunately, the tool looks at measuring production time against 24/7, 365 days. This would not make sense to do as the SMT line can only run a maximum of 74hrs (2 x 37hour week) before Holidays, breaks and planned maintenance. If compared this to the total 168hrs a week the availability will give poor result. MTBF is a tool focusing more on failure aspect and not of the machines performance running rate or quality. OEE was chosen on these reasons along with the availability of additional knowledge from Phil Wilson (Senior Electronics Engineer) with his experience using OEE for other similar projects within SONY and Panasonic SMT lines. 

















3.8   Initial Research/Voice of the customer 
Now that the problem has been highlighted along with the required tool needed. It next important to consider Voice of the customer (VOC). This allowed the opportunities for customers (management, engineers and those working on the line) to provide what quality drivers are important to them as well as performance requirements expected post-improvement. This information was gathered through walking on the shopfloor and questioning key member on what was important to them. Each requirement was followed with measures in place to maintain customer satisfaction (Critical-to-Quality).
[bookmark: _Toc135426108][image: ]3.8.1   CTQ Tree















[bookmark: _Toc135425112]Figure 3. 22 : CTQ Tree, Aneurin Bamsey 


This CTQ was then compared to the project results to ensure customer needs are met and if not why? Followed by ensuring any demands missed can be implemented into further improvements stages, More on this in the Conclusion.

CHAPTER 4: MEASURE

[bookmark: _Toc135426110]4.1   Data Collection Plan
Within this chapter, data has been collected to create a substantial baseline to display the current process and its capability. The data collected focuses on the ASM SX2 machine. To best achieve results a basic check list plan was created to ensure goals are identified and that the data collected is as accurate as possible. 
 A confirmation checklist sheet structure allows the ability to ensure no requirements are left out and data is done in an orderly and systematic manner. All data that is gathered had been done through an automatic data collection system with descriptions generated from the machine error log to save loss of description. Utilising this method provides a high accuracy rate, without human interaction which was uncovered to be a concern within (Hedman, Subramaniyan, & Almström, 2016) research. 
[bookmark: _Toc135426111][image: ]4.1.1   Checklist plan
















[bookmark: _Toc135349319][bookmark: _Toc135349626][bookmark: _Toc135425227]Table 4. 1 : Data Collection Plan 

Using this plan allowed to speed up the process of obtaining data which therefore permitted greater time within other areas of the project as data collection can traditionally be a long-winded process. 
All data collected are taken from cluster jobs as single run jobs are less commonly run thus not satisfying sufficient data to create a clear understanding of how the machine performs. 
[bookmark: _Toc135426112]4.2   Initial data collected. 
The initial data has been obtained between the dates 1st of June 2022 up until 22nd of December 2022, giving 7 months, ranging 62 sufficient total cluster jobs. This did not include any run shorter than 6 hours as data would be impacted by start-up and cool down and therefore give a false indication of the machine’s steady performance. The data is in order of most recent onwards. 
[bookmark: _Toc135426113]4.2.1 Initial availability data 
The initial availability data is looking at the total planned time the machine is given to run, then comparing the actual time the machine ran considering documented and undocumented delays. This indicates its utilisation value to help understand where time is being lost and why.
[image: A picture containing text, screenshot, software, computer

Description automatically generated]The data gathered is directly from the SX2 machines auto data history log and is then exported onto an excel spreadsheet that can be easily read for clear and understanding presenting purposes. 
[bookmark: _Toc135425120]Figure 4. 1 : Screenshot displaying all the data files.
When open Elec Eng Review chart the excel spreadsheet shown below appears, this shows all time values in decimal hours. This spreadsheet details the job names along the top followed with planned time given to run, its utilised time and all its documented and undocumented delay data to help see where the time was lost. To the bottom of the table there is a Utilisation target of 85% as well as its true Utilization. For reference the OEE World class standard is 90% for availability. 
[image: ]
[bookmark: _Toc135349069][bookmark: _Toc135425228]Table 4. 2[image: ][image: ] : First 32 Initial Availability Data taken from SX2 machine.










[bookmark: _Toc135349070][bookmark: _Toc135425229]Table 4. 3 : Second 32 Initial Availability Data taken from SX2 machine.

4.2.2   Initial performance data
Inintial preformance data looks at how well the machine preforms taking into account the efficiency of its cycle speed and wether or not its running at its most optimum potential. This was done through comparing its most optimum value with its actual run value. 
Unlike the avalibility the data, the preformance data showed to not be as accessable. This is down to the fact management have historically only shown intrest in the machines utilization (avalibility) as means of measuring the machines preformance. On investigating why this is the case, engineering have stated preformace is still measured but not as regular as quality and avalibility as management just need a clear idea on how well production is running and the quality delivered within the soft reports. 
Therefore, to overcome this data had to be collected manually from both the machines database and Syteline (cloud software used in Renishaw). This involved gathering a large number of real-value ran cluster jobs which was accessable on ‘SIPLACE EXPLORER’ to then compare with sytelines ‘Expected Run Duration’ which would also be expected to see on a job sheet. 
[image: Graphical user interface, application

Description automatically generated]This example is of the Duration time for PHC10-3 PLUS, note value displays in decimal hours. 















[bookmark: _Toc135425121]Figure 4. 2 : Syteline Screenshot displaying expected Run Duration

To combined and display all nessacery data clearly all information was entered into a table.
Presented below is all 62 cluster jobs including the machines actual preformance values of each job, manually taken from the data history log (inc Job name, Cluster build, datas, quanity, and Min/Max/Ave Values). Along side on the far left it displayes the data collected from the example above contains the time given on the sheet which was taken from the Syteline Run Duration box. 
[image: ]The tables 4.4 uses the use of colours to help pair up duplicated cluster jobs that are of similar build, while the non-duplicated jobs rows are left in white. As the clusters can be made up of several jobs, to help identify which one job the information in the table 4.4 relates to it uses font colour (red/white). [bookmark: _Toc135349322][bookmark: _Toc135349629][bookmark: _Toc135425230]     Table 4. 4 : Initial Information Surrounding 62 Cluster Performance Data 


[bookmark: _Toc135426115]4.2.3   Initial quality data

[image: A screenshot of a computer

Description automatically generated]The Initial Quality data looks at all the boards that pass through the AOI machine. For this project it’s only required to look at the components placed on the board by the SX2 and not SX1 to get a true result of the SX2 machine alone. Much like the initial availability data, this quality data can be gathered on an excel spread sheet exported from the AOI machine history log.  
[bookmark: _Toc135425122]Figure 4. 3 : Screenshot displaying all the data files 2.0. 
[image: ]When opened AOI Review the spreadsheet would display the following data below, includes all 62 cluster jobs along with the total boards passed through the AOI with its number of passes and its number of failures. 
[bookmark: _Toc135349072][bookmark: _Toc135425231]Table 4. 5[image: ] : 1-28 Initial Quality Data taken from the SX Machine 
[bookmark: _Toc135425232]Table 4. 6 : 29-62 Initial Quality Data taken from the SX Machine

4.3    Calculate initial OEE Value 
In this section all the initial data collected had be calculated to produce their OEE value, to achieve this the SIPLACE SX2 Availability, Performance, and Quality had to be calculated first, then using the percentage value given from each job allowed to produce it final OEE value. These OEE values had been used and compared with the post optimised results to help distinguish a positive or negative change in the results. All 62 jobs had undergone this calculation but for this example, PHC10-3 PLUS (PP-5863-0550-01-A) was used. 
[bookmark: _Toc135426117]4.3.1   Availability Calculation 




[bookmark: _Toc135426118]4.3.2   Performance Calculation


[bookmark: _Hlk128227539]

[bookmark: _Toc135426119]4.3.3   Quality Calculation




[bookmark: _Toc135426120]4.3.4   Total OEE Calculation 




4.3.5   Availability Calculation Results 
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[bookmark: _Hlk135314131][bookmark: _Toc135349073][bookmark: _Toc135425233]Table 4. 7 : Displaying all the Availability calculated percentage results.
[bookmark: _Toc135426122]4.3.6   Performance Calculation Results 
[image: ][image: ]This is a result due to potentially a corrupt run which as a resulted caused the minimum run time to equal ‘0’. 



PHC10-3 Percentage (Lower its Availability and quality)
























[bookmark: _Toc135349325][bookmark: _Toc135349633][bookmark: _Toc135425234]     Table 4. 8 : Displaying all the Performance calculated percentage results.


4.3.7   Quality Calculation Results 
[image: ][image: ]
[bookmark: _Toc135349326][bookmark: _Toc135349634][bookmark: _Toc135425235]Table 4. 9 : Displayed below are all the Quality calculated percentage results.

[bookmark: _Toc135426124]4.3.8   OEE Calculation Results 
[image: ][image: ]
[image: ][image: ]Invalid value continued into the Initial OEE value and can also be seen on the run chart as an empty gap.



























[bookmark: _Toc135349076][bookmark: _Toc135425236]Table 4. 10 : Showing the initial total OEE Value for each of the 62 clusters.
[bookmark: _Toc135426125]4.3.9   OEE Run Charts Results.  
To better display this data all OEE values were inputted into a Run chart, doing this does not only allow better understanding to how the data of the machine is preforming but it also allows to analyse for trends and patters within the data that may not be possible through a list form. 
The chart displays all the cluster jobs against their initial OEE value, this can be seen coloured in blue. To help compare this data with a standard the OEE world class standards (85%) was also included (RED). 
[image: ]





Conclusion


[bookmark: _Toc135425123]Figure 4. 4 : Run Chart of all 62 Initial OEE values compared to World class Standards.











[bookmark: _Toc135426126]4.3.10   Initial OEE Results Discussion 
Unfortunately, as predicted from the initial project scope along with the Gantt chart. Due to a lack of time given this projects deadline, a large amount of comparable data would not be realistically possible to collect and match the initial data collected thus far. Fortunately, this was expected and as this is only an initial investigation to highlight the issue to senior management the decision was made to target a pragmatic data collection to achieve an unbiased comparison. The decision was to aim and identify several jobs to continue the investigation with. This was done through identifying the most frequent runners over the period. Using a bar chart and a trendline would highlight which jobs would choose for continuing the project. Benefits of this would be (1.) Most likely to have resources to create an optimise run and, (2.) to have the opportunity to utilize majority of the initial data collected. 
Shown below is the used bar chart, the decision was to extract the top 6 most frequently ran jobs to continue for the remainder of the project. This value was chosen on the reasoning that it would cover 10% of the total variations of clusters while accounting for a total 27 clusters out of 62. 
A red dash line illustrates where the separation line between the top 6 most ran jobs from the others. 
[image: ]
[bookmark: _Toc135425124]Figure 4. 5 : Bar Chart to displaying number of boards ran per board type. 


[bookmark: _Toc135426127]4.3.11   Updated Initial OEE Run Chart
Therefore, the jobs that have been selected with continuing of the project are as shown below. 
[image: ]













[bookmark: _Toc135349077][bookmark: _Toc135425237]Table 4. 11 : Highlighting top 6 most frequent runs.

To help keep things tidy a new table was created exaclty the same but only displaying the top 6 jobs to keep what data was necessary all together and clear to save from confusion when comparison later in the project. 
[image: ]








[bookmark: _Toc135425125]Figure 4. 6 : New Updated Initial OEE Run chart consisting top 6 ran jobs.
CHAPTER 5: ANALYSE
Within this phase of the DMAIC process the potential root cause of a problem is identified using different world-class Six Sigma tools. This was done by taking the data gathered within the measurement phase and trying to understand where the problem originates from. 
This section required the aid from all relevant stakeholders including kitters/operators, engineers, maintenance members and management and myself (project engineer) to ensure coverage for key identification for all potential causes. It’s crucial to revisit both define and measure phase to reenforce clear understanding of the problem. 
As highlighted on Table 4.8, The average value of performance is lower than both its Availability and Quality. This helps going into analysis by narrow down potential causes as is it indicates relation to the performance of the machine and not the other areas. 
[bookmark: _Toc135426129]5.1   Fishbone Diagram 
[image: ]Fishbone diagram also known by cause-and-effect diagram or Ishikawa diagram. This analysis tool is among the most popular in the word for identifying the cause of a known problem within a process, in this case poor performance percentage. The reason for its popularity is due to its ability to assess all aspects. As can see in Fig.5.1, The diagram is in the shape of a fishbone with each bone targeting a specific aspect involved in a process (Environment, Equipment, Method, Materials, Measures and People). It is then brainstormed among all stake holders which were identified in Section 3.8 to come up with as many possible causes though possible. Once all potential causes have been added its then required to ask, “Why is this happening?” which is then branched off from the cause. Find zoomed in Fishbone in Appendices, (Apx.3).

[bookmark: _Toc135425128]Figure 5. 1 : Fishbone Diagram of Potential Causes for this project, Aneurin Bamsey

The process of asking ‘why?’ would continue until an answer would appear that all stakeholders could clearly see would be the cause of the problem this technique is called the 5 Why’s which is also a six-sigma industry popular tool. 
[bookmark: _Toc135426130]5.2   The 5 Why’s
For this given project hours were spent questioning every potential cause of why the SX2 was underperforming, discussing lack of maintenance, inexperience operators or poor output targets. It was finally agreed after questioning why on everything on the fishbone diagram that the most realistic reason was down to the point of incorrect set up of machine. The 5 why process for incorrect setup can be found; illustrated below.
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Why?

SX2 performance aspect is under preforming (higher utilization) compared to other inline equipment and therefore congesting (Bottleneck) the lines flow downstream.  

SX2 performance aspect is under preforming (higher utilization) compared to other inline equipment and therefore congesting (Bottleneck) the lines flow downstream.  


The recorded real minimum build time for each board took longer than the time given on job sheet (ideal duration). Not include machine stoppage. 

The recorded real minimum build time for each board took longer than the time given on job sheet (ideal duration). Not include machine stoppage. 



The Pick and Place head is traveling inefficiently around its working area causing the travel time to increase affecting build time. 

The Pick and Place head is traveling inefficiently around its working area causing the travel time to increase affecting build time. 


It has been setup (feeder and nozzle configuration) to run without consideration a best optimum route. 

It has been setup (feeder and nozzle configuration) to run without consideration a best optimum route. 



Random job set up algorithm does not consider optimum route as its priority is to fit as many jobs on a single cluster

Random job set up algorithm does not consider optimum route as its priority is to fit as many jobs on a single cluster


Renishaw have always been a low/medium volume production this was the best fit method of running.  

Renishaw have always been a low/medium volume production this was the best fit method of running.  




[bookmark: _Toc135425129]Figure 5. 2 : 5 Why exercise in practice
As can see the process required 6 Why’s to uncover the Cause of the problem, which has highlighted the use of a cluster setup as it was the best method to run low to medium production volume. Moving into a larger production volume running longer and bigger jobs will clearly be preventing the machine from preform to its best capacity. 
[bookmark: _Toc135426131]
5.3   Random Job Setup (Cluster) 
A random job setup is process that’s been implemented into SMT production line from the start. This process was suggested by ASM, SIPLACE in the early stages of Renishaw production to keep efficiency high and stoppage low. The Idea behind a cluster setup it is to improve efficiency of the line by reducing the number of changeovers when frequently running smaller volume jobs. The random Setup has been designed to maximise flexibility by simplifying and accelerating the process. It is carried out through using a software called ‘SiClusterPro’ where engineers/technicians input several jobs into a generator where the software uses an algorithm to produce a possible run that accommodates all job requested in one random setup. The restriction using a cluster algorithm to set up a machine is that it does not consider best optimal travel route when building boards as its job is to fit as many build jobs into one cluster. Once cluster has been generated there is no option for user interaction to make changes to better route/setup (feeder and nozzle configuration). This is a great tool for low volume but not suitable for Renishaw’s current needs. 
[bookmark: _Toc135426132]5.4   The current Setup using Clusters. 
[image: A screenshot of a computer

Description automatically generated with medium confidence]The setup process for the pick and place machines is a mixture of PC operations and manual operations which are carried out by technicians and Operators. To carry out the setup the machine must first be powered up and a desktop PC must be running ‘SIPLACE PRO LINE CONTROL GUI’ (Fig.11) to transfer build setup over. 
[bookmark: _Toc135425130]Figure 5. 3 : Screenshot of Siplace Pro Line Control Gui.
Days in advance of the run, technicians would receive several job sheets of the products needed to run in the coming days or weeks and would be required to create ‘Clusters’. Clusters are setups that combined several different assembly jobs (usually around 3 each cluster) to all run at once without needing to changeover after each product. This was because products may be running for no longer than half an hour. In the ‘SIPLACE PRO LINE CONTROL GUI’ software there is a process function called ‘SiCluster’. Technician would select this function and then add several assemblies into a single cluster which is known as a ‘Recipe’. The software takes all inputted assemblies and uses an algorithm to create a ‘random job setup’ which accommodated all assemblies in the recipe for that run. This involves machine factors such as the required nozzles needed in the nozzle configuration bank and which electronic component parts needed for all feeder locations.
[image: ]Once Recipe is created a Parts List Sheet (Fig.12) will be available for Kitters to use in pre-setting up the feeder trolleys for the run. 








[bookmark: _Toc135425131]Figure 5. 4 : Parts List sheet for kitting job
On the day of the run the Cluster recipe will need to be open on ‘SIPLACE PRO LINE CONTROL GUI’ to allow the program to be transferred directly to the machine. Once program is transferred to the machine the operators and technicians can carry out the manual operation setup side involving arranging nozzle configuration, change transport width, locate board magnetic support pins, load larger parts on waffle trays, align barcode readers and to scan the feeder trolleys into the machine. After a final check a board is sent through to run (First Off) it is monitored on Operator Information Systems (OIS) where it would highlight any errors surrounding pickup or vision. If no errors occur, it will exit the machine onto the Telescopic conveyor where technicians initially check correct parts are placed and is placed correctly on the board before thoroughly checked by the AOI machine.

CHAPTER 6: IMPROVE
In this section of the DMAIC process, a solution had been generated and made fit for the problem highlighted within the analysis stage which pointed at the machines incorrect set up for running longer and larger jobs. 
[bookmark: _Toc135426134]6.1   Pre-Improvements
Before looking into how best to improve the cause highlighted its crucial to better understand the machine behaviour to generate solutions. To help visualise what happens during the pick and place decision making/movement a Process flow chart has been created. This flow chart shows the three crucial decision stages, Nozzle change, component pick up and component placement. 
[bookmark: _Toc135426135][image: ]6.1.1   Process Map for Turret head stages








[bookmark: _Toc135425139]Figure 6. 1 : Process Map for Turret head stages, Aneurin Bamsey


 It is clear many stages occur from the point of selecting the nozzles needed to having the components placed on the product board. Principally speaking by minimising the decisions (changes) made this should lower the time spend during the operation. 
[image: Diagram

Description automatically generated with medium confidence]


[bookmark: _Toc135425140]Figure 6. 2 : Diagram of SX2 head turret movement (Systems)
[bookmark: _Toc135426136]6.2   Improvement Solution 
[image: ]Having a better understanding on how the head move around its working area, as well as the literature found from passed investigation into optimising the pick and place machine to decrease build time. To best improve the machine performance with the increase in longer and larger jobs needed without having to run several different algorithms to see if they work or create a whole new algorithm from scratch which would prove very difficult as it would have to operate correctly with ASM interfaces. Is to use a similar approach to (Lee, Lee, Lee, & Lee, 1999) where a single assembly job would be used while considering strategic placement of Nozzles and components (Grouping up), to provide as short of a route possible. First consideration done was to ensure that components closer to together on the PCB will be grouped together to minimise moving distance of the gantry head. As well as this, minimisation of nozzle changes will also bring the time down, however nozzle change may not be avoided due to the limitations of nozzle capacity on the heads. If nozzle changes are required then to help minimise time considerations surrounding the configuration of these nozzles were crucial. Placing more frequent components closer to the cameras also cut down time as the travel distance for these more frequent components were shortened. All these considerations aided to decrease it travel time and bring the total build time down.
The diagram below is a bird’s eye view of the SX2 working area and was used when coming up with considerations as these would be drawn on to visualise distance (time) being cut out.
[bookmark: _Toc135425141]Figure 6. 3 : Birds eye view diagram of the SX2 machine, Aneurin Bamsey.








[bookmark: _Toc135426137]6.2.1   Demonstration Diagram 
Shown below is to examples demonstrate the difference in travel distance for the same job but different setup. One setup as a cluster job and the other as a strategic single assembly job. As can see the clusters additional travel time can result in a lot of unwanted waste. 
Example 1 – Cluster Job


Example 2 – Strategic Single Job

[image: ]








[bookmark: _Toc135425142]Figure 6. 4 : Birds eye diagram of SX2 with demonstrate to difference in travel distance, Aneurin Bamsey 

6.3   New process (optimised)
[bookmark: _Toc135426139]6.3.1   Changes made.
Now that the required optimisation improvement changes had been identified. It was then implemented into a new set up strategy. In this section the suggestions/considerations made had been put in a real setup for the machine to receive and run. This was done for the six clusters jobs (TSI-2, HIS, Tonic Readhead Alt limit, PI200-3 Standalone, RGH24 Base Eris and PHC10-3 PLUS) as they are the most recorded frequently ran assemblies with the required resources to run on site. 
Firstly, a new cluster had been generated, for this exercise the PHC10-3 PLUS has been chosen job. By entering the correct Scan Job Number which is found on the job sheet (2683317) it gathered the required recipe and information for the job including what the parts and nozzles are needed. 
NOTE: Arrows are used to help point out what is important keys taken from the description above each figure.

[image: ]








[bookmark: _Toc135425143]Figure 6. 5 : Screenshot of Siplace cluster job Generator tab
Once the information had been entered it could then be generated which allowed the users to open on CrusterPRO, this is where the modifications were made to the machine setup.  

Once opened ClusterPRO it was important to first set the SX machine setup to a blank default setting, this ensures no previous saved settings could be missed and effect the setup desired. NOTE: None of the 5 boards chosen are larger than 450mm. 
[bookmark: _Toc135425144]Figure 6. 6[image: Graphical user interface, text, application, email

Description automatically generated] : Screenshot of ‘SX Blank setup Miskin’ tab
Next was the feeder setup. As this is not a cluster there will be no restrictions on feeder locations, this was enabled by selecting Feeder as shown in Figure 6.7. By doing this it ensured the feeders will be set strategically neighboring (grouping) from one another and not scattered randomly over the entire Cart, delivering minimum travel distance.   
[bookmark: _Toc135425145][image: Graphical user interface, text, application

Description automatically generated]Figure 6. 7 : Screenshot of restriction tab
[image: Graphical user interface, text, application, email

Description automatically generated]As well as the feeder setup, Nozzles had also been optimised, this was done by, opening Optimisation Parameters using Optimisation level (Experts). There is a a Box titled ‘Optimize nozzle changer configuration’ by ticking this is allowed to find best setup for the nozzles and remove any that are not required for the assembly.  [bookmark: _Toc135425146]Figure 6. 8 : Screenshot of Optimization Parameters


[image: Graphical user interface, text, application, email

Description automatically generated]Finally, before it was generated and sent over to the machine, all changes were double checked and that all the parts list and nozzle configurations match up with the new paperwork. 
[bookmark: _Toc135425147]Figure 6. 9 : Screenshot of Final checks on Siplace toolkit

[image: Graphical user interface, text, application, email

Description automatically generated]Once generated the Recipe gave the ideal run time to be 99.53s = 1minutes 40seconds. This value can be used to calculate the Machine performance when it come back to calculating a new OEE value. 

[image: Graphical user interface, text, application, email

Description automatically generated]
[bookmark: _Toc135425148]Figure 6. 10 : Screenshot with PHC-10-3 PLUS new generated cycle time.
This was repeated for the other 5 jobs, and then left over the next few months to trial and run on the line when these specific jobs were called on. 











[bookmark: _Toc135426140]6.4   New Optimised Data Collected
Once again data had to be collected to calculate the new OEE values this time the only data collected will be taken from trial runs that use the new improved optimised setup. This data was taken Between February and March 2023.
[bookmark: _Toc135426141]6.4.1   Availability data  
[image: ][bookmark: _Toc135425294]Table 6. 1 : Table with Collected Optimised Availability Data











[bookmark: _Toc135426142]6.4.2   Performance data
[image: ][bookmark: _Toc135425295]Table 6. 2 : Table with Collected Optimised Performance Data

 


[bookmark: _Toc135426143]6.4.3   Quality data
[image: ]
[bookmark: _Toc135425296]Table 6. 3 : Table with Collected Optimised Quality Data

[bookmark: _Toc135426144]6.5   Calculate Optimised OEE Value for each aspect.
To correctly compare the old and new preformance, new optimised calculations must be conducted with the new OEE values gained. These results can then be put into a compareison table and runchar. Once again for this Exercise (PHC10-3 PLUS) was used. 
[bookmark: _Toc135426145]6.5.1   Availability Calculation 




[bookmark: _Toc135426146]6.5.2   Performance Calculation




[bookmark: _Toc135426147]6.5.3   Quality Calculation




[bookmark: _Toc135426148]6.5.4   Total OEE Calculation 




[bookmark: _Toc135426149]6.6   Compare Initial and Optimised Data
Shown below is a table comparing both the Initial OEE value and the New Optimised OEE value. A clear difference in both values, the Newly optimised values are slightly higher than those taken before changes. Averaging a 5.03% percent increase.
[bookmark: _Toc135426150][image: ]6.6.1   Comparison Table
[bookmark: _Toc135425297]Table 6. 4 : Displaying OEE comparison results 

[bookmark: _Toc135426151]6.6.2   Updated Run Chart Results including Optimisation Values
[image: ]The new OEE percentage values were then added to the same run chart as before to visualise and see if it had followed a similar trend or if there were any substation changes. It was good to see gain was made and the machine is closer to The OEE world class standards. There are clearly still improvements there to be made but is a step into the correct directions regarding machine performance. 










[bookmark: _Toc135425149]Figure 6. 11 : Final Run chart with initial, optimised and World class values

[bookmark: _Toc135426152]6.7   Implications of changes 
Being aware of implication to a current process is crucial when introducing/suggesting new improvements to a process. As changes could affect other aspects within the process negatively. Therefore, within this section the expected implications due to the change made are covered and analysis to distinguish if running the machine using a single assembly job is beneficial with respect to costs and practicality. 
Prior to this project the machine would run using majority a cluster job setup which entails using between 2-4 jobs assemblies. Now that it is proposed better in terms of machine performance to run single assembly jobs instead its clear doing this has increased the number of changeovers required. Therefore, A Cost Benefit Analysis (CBA) was required, to calculate and weigh what might benefit the department and company more instead of solely improving the machines’ performance. To gather the data to create a fair CBA certain data needed obtaining.   
· Number of changeovers 
· Average duration of a changeover
· Cost Per changeover 
To calculate whether this is practical or not, data surrounding changeovers can be found in the following pages. This data was then given a monetary value to forecast future costs and benefits to determine if the project is feasible as well as practical. 
[image: ]The current change over process can be found in the Appendices (Apx.4), it is important to note that the major time consumption of a changeover uses Single-Minute Exchange of Die (SMED). This is used on the build of the feeder trolly offline at a docking station. Depending on the size of the job a trolley can take anywhere between 0.5-2hrs to build. This way it impacts no additional time during a changeover. This just leaves small adjustments to be made within a changeover such as arranging nozzle configuration, change transport width, locate board magnetic support pins, load larger parts on waffle trays, align barcode readers which would take minutes to do. 
[image: ]


[bookmark: _Toc135425150]Figure 6. 12 : Support pins on SX2 machine bed

[bookmark: _Toc135425151]Figure 6. 13 : Docking Station for Offline Kitting 
[bookmark: _Toc135426153]6.7.1   Data Surrounding Changeover
[image: ]The first step was identifying roughly the current number of changeovers done on a quarterly basis using a clustering setup. Show below is data collected on the number of cluster changeovers that have occurred between the months of February and March 2023. 
[bookmark: _Toc135425152]Figure 6. 14 : Bar Chart displaying number of changeovers by duration.
It was found that a total of 41 clusters changeovers were carried out in this 2-month period, this would give approximately 246 expected changeovers per year. It was then required to identify the average time a changeover would take. This average was taken from the same 41 changeovers. 
[image: ]



[bookmark: _Toc135425298]Table 6. 5 : showing 41 different cluster change over durations.

By adding all the time together then dividing it by the number of jobs the overall average for a changeover was timed at 5.27min = 5 minutes 16 seconds. All that was left was to obtain the costing value for having the SMT production line down for an hour. This was obtained through discussions with Senior engineer Phil Wilson. 
The total current SMTY labour rate is approximately £412.45/hr. This value considers facility costs, light, heating, machine depreciation and labour cost of the people running the line. This value is used when considering when looking into speed and downtime of line. 

[bookmark: _Toc135426154]6.7.2   Pre-change (Cluster set up) Calculations. 



[bookmark: _Hlk135229194]

[bookmark: _Toc135426155]6.7.3   Post-change (Single set up) Calculations

Although Custer jobs can vary between 2 or more assembly jobs, it is worked out to have an average of three assemblies within a cluster therefore the Number of yearly changeovers will consider this.







[bookmark: _Toc135426156]6.7.4   Final Calculations 
As the site is doubling in size it is expected that the demand for boards to double its current output capacity. But for this example, the original number of boards will be used. 
[bookmark: _Toc135425299]Table 6. 6 : Displaying additional time gained. 
[image: ]
Shown in the Table above is the total hours that has been cut out through using the optimised setup over the initial setup, which accounts to a total 14 hour and 33 minutes. 
To calculate the cost saving the 13hrs 31min will be multiped by the hourly SMT line labour costs. This gives the total cost saving of running the 6 jobs alone. 

Now to calculate the monthly saving if it was to just run chosen 6 jobs throughout the month.
Initial time totals 90.34hrs 
Optimised time total 75.73hrs
It took 90hrs 20 min to compete though 6 jobs in initial state which account to (90.34/74hrs two shift working week = 1.22) 1.22 Weeks running. Therefore, within a month there is a potential to save up to £5,980.52 x 3.27 (4week/1.22weeks) = £19,556.30
To calculate the yearly saving the monthly value is multiplied by 12 = £234,675.60
Now, that the figures are obtained they can be inserted into the benefits section within the CBA table show in Table 6.7.




[bookmark: _Toc135426157]6.8   Cost Benefit Analysis
The purpose of the CBA tool is to help identify how long it will take for the benefit to outweigh the cost of the project. Shown below is the CBA tool that has been segregated into cost and benefits, The Cost are what is expected cost being fed into the project in this it includes.
· The cost of having the machine down for an additional 42hrs and 19min a year
· The cost for initial training everyone on the new procedure causing the line to be down for two 8-hour shifts.
· The cost to carry out OEE audits which requires the line down 4hrs a month.
· Due to more changeover a new kitters will be required on each shift to help current operators spread the workload. 
· It would also require an initial cost for two new trolleys to help kit jobs offline ready for changeovers, feeders will not be necessary as less will be used on a trolley as it only runs single jobs.

In terms of benefit which is what cost expected to come from the project, this will include. 
· Increased running speed therefore needing less time on the line to produce same output at before optimisation, introducing more time to run more products. 
[image: ]As can see from the top of the Table the Benefits outweigh the cost 1.56 to 1 in just a 5-month period.











[bookmark: _Toc135425300]Table 6. 7 : Cost Benefit Analysis for project 

[bookmark: _Toc135426158]6.9   Discuss Results shown in CBA.
To help make clear of how this project would perform it respect to cost a line graph was created using the Cost data entered the CBA to discover if benefits would outweigh cost and if so how long it would be expected to take.
[bookmark: _Toc135425153]Figure 6. 15 : Trend line Graph showing the cross between Cost and Benefits
[image: ]











As displayed in the Graph Fig.6.15, initially the costing of the project dramatically tops the benefit gained, this is due to all the initial costing including training new kitters and new equipment (feeder trolley). But as the month pass the distance between the two closes, until around the 2 months both lines cross indicating benefits coming out is starting to outweigh the costs going in. From Table 6.7, it forecasts the Net benefit (cost) to give £33,636.44. 
If this was look at over the entirety of the first year it can be estimated £119,402.05 after all deductions. This value will increase in the second year as initial cost introduced to the project will not need to be carried over to the second.
This proves that the project is not only better as the goal was met in improving the machine performance, but it had also become a huge potential cost saving with the increase in availability to run or jobs.



CHAPTER 7: CONTROL
Following from the improvement stage, the process has now been optimised and is performing at a greater level than prior. The goal moving forward ensuring that this level is maintained and not returning to its original underperforming state. This change in performance is something that could only been seen given a long period of time, making control to be a very difficult to forecast its behavior. Thus, to ensure that control does succeed is all down to its policing process. 
[bookmark: _Toc135426160]7.1   Control Measures
To ensure that this is the case there are several measures that could be put into place to help sustain the level desired. These measures are a mix of minor and major implementations.  It is important to note these rules/measures have not yet been implemented and are only suggestions on what to do if the project is agreed upon by senior management and planned to be used on the line.
An example of a minor measure that would need to be taken is an update to the current Standard Operation Procedures (SOP) on how to setup for a single assembly run for anyone new who was to come into the role. This would be followed up with a refresher course for all existing operators and technicians who will be responsible for setting up future runs. Like other operational procedures they will need to be revisited on a yearly basis to be reviewed. 
While updating SOP might be a good place to start there is no guarantee that it will enforce control over how the policing toward the improvement made. Therefore, a Major measure that needs putting in place is a preventative OEE audit, this will be conducted monthly at first but may change to a quarterly basis if deemed not needed so frequently. This entails initially assessment of all equipment within the SMT process to gain an OEE baseline for future references as this has not yet been done withing the company as of prior this project. The data will be referenced from month to month as changes are constantly introduced to the line. Using a moving average moving range chart will help to display the data collected for monetary value when investigating trends and patterns. The moving average moving range chart will uphold tolerances that are used as a safeguard area. If the OEE value was to exit this safeguard area it would trigger a Reactive plan, where another investigation will be conducted in the same manner. 

Chapter 8: Conclusion
[bookmark: _Toc135426162]8.1   Results 
After conducting both a comparison on the machine’s performance (Difference in OEE) and its ROI, it’s clear that this investigation was a success, the average percentage of the machine OEE had increase by 5.03% and from the example used has estimated to cut out 14.5 hours from a the total initial hours it took to run the 6 jobs within a cluster set up (90.34hrs) this equates to 16% less time the job is spent running on the machine when using a single assembly setup over a cluster assembly job. The ROI on the project is not what would have expected going into this project, potentially earning £119K within the first year or running. This figure is significantly high and will require more investigating. The CBA has calculated to benefits to outweigh the cost 1.59 to 1 while earning a net value of £33K within the first 5 months. Overall, the machine performance has improved with no resulting side effect had been caused towards the availability or quality of the machine as can see in Figure 6.11.
[bookmark: _Toc135426163]8.2   Discussion 
The results indicate that by having the machine set up to run single assembly jobs provide more benefit including speed efficiency and greater output capacity. This can be seen in Figure 6.11 where both OEE trend line are in side by side displayed on a run chart.  The data showed that by increasing its performance it was able to increase its overall equipment effectiveness value. The finding of this project can similarly relate to existing research, for example the method used to optimised the process was inspired by (Lee, Lee, Lee, & Lee, 1999) in which the grouping concept was utilised, which resulted on averaged save 11% of assembly time whereas this project did a similar strategy and also saved an average 16% assembly time. This could be down to the use of similar multi-head equipment or algorithm. Although the investigation may seem a success there are many limitations that have come with this research. Time management and sample sizes where two factors that had to be overcome. Due to such a short deadline for the given size this project covers not a large amount of data was able to be collected post optimisation this therefore could provide a bias representation of the result, however as the initial OEE value had 62 sufficient cluster the OEE surrounding it would be reliable and when compared with the optimised result they are not too far apart indicating consistent data results. Due to the size of the project its best to continue to investigate the project, looking into larger sample sizes of boards including different build time and number of components. Another direction in which the investigation could lead is by looking at is because of these improvements does it create potential bottlenecks further down the process and what can be done to eliminate these.  
Looking at this investigation sort term I believe there is a lot more work involved to ensure management is persuaded and on board to start over and to change their current approach to hoe the pick and place machine is setup. With the recommended investigation suggested the project will be able to answer more question through providing a larger scope. Long term with the expansion of the Miskin site, by having this project implemented would reduce the stress on the line and secure customer demands are met as the results show. 
[bookmark: _Toc135426164]8.3   Conclusion/summary
To conclude, this project has displayed great results meeting all its aims and objective stated at the start and satisfying customer needs taken from the CTQ. The investigation managed to identify that the SX2 pick and place machine in fact was underperforming, this was made aware during the analysis phase where through using cause and effect techniques as well as the 5 whys, highlighted that the machine was being set up incorrectly. Thus, resulting in insufficiently running and becoming a bottleneck. 
This was caused by setting the machine to run using a clusters setup on long hour jobs.  The cluster setup is designed to cutdown on changeovers when running smaller jobs.  The goal of algorithm used is to fit as many assembly jobs into 1 cluster as possible, to achieve this it takes no consideration to optimal travel route and therefore components and nozzles are scattered around the working area which as a result increases both the travel distance of the head and the number of nozzle changes made. This is the cause of longer build time. To verify this was the case initial data pre optimisation underwent an OEE calculation to provide the machine Effectiveness. It was then through research and understanding of the cause was an improvement generated, which would focus on running a single assembly job to ensure all components and nozzle where strategically altered to keep the travel time to as minimum as possible. It was then undergone trains over two months in which data was collected and entered the same OEE calculation which showed improvement in machines performance. It was then investigated to see what impacts this improvement would have. The main change would be an increase in changeovers needed. Although the project showed promising performance result it needed a ROI as well as being practical. It was at this point where a Cost benefit analysis was conducted to determine if it would cost money or save it. Unexpectedly the CBA highlighted a significant cost saving. Finally control measures where then recommended to ensure standards of level would be maintained. There is still a lot more that need to be covered regarding this investigation with respect to moving away from clusters to single assembly runs. But this project does a perfect job of highlighting the true route cause and depending on senior management decision will depend on the future of this project. 
[bookmark: _Toc135426165]8.3   Future improvements
Further improvement into this project surrounding improving the SMT line set up outside of the recommendations made in the dissection following the investigation, would be to investigate decreasing the time spend during changeovers.
It was made apparent during the research withing the current SMT line set up that apparat from the kitting of the trolleys which are done offline the second most time consuming activity was found to be placement of the support pins on the SX machine bed. It would involve operators manually placing individual support pins in locations where it would not meet components underneath the board. This proved to be a very tedious and time-consuming process. These are used to prevent bowing of the board while building.
Therefore, suggestions id make for the future would be looking into solutions to overcome this. This could include. 
· Using an automatic support gridlock system like the one on the Dek Horizon machine. Figure 8.1
· ASM Smart Pin support dispenser Figure 8.2 
[image: Graphical user interface
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[bookmark: _Toc135425211]Figure 8. 1 :ASM Gridlock system, (Systems)


[bookmark: _Toc135425212]Figure 8. 2 : ASM Smart Pin support dispenser
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Axp.1 – This is a file link to access the Final Gantt Chart to see the Projects process more clearly with respect to dates. 


Axp. 2 – This is a file link to access the screenshot to the Initial Gantt Chart if interested in comparison between the two.


Axp.3 – This is a file link to access the spreadsheet for the zoomed in project fishbone diagram.


Axp.4 – This is a file link to access a written step by step guide to the current SMT changeover procedure. 
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Before looking into improving the  machines   performance   through   its   set up it is important to  understand the variable s that will in fluence the se  improvement   changes.   These variables involve  feeder set up a s well as nozzle configuration.  This  can clearly be  seen   illustrated   below with the t wo  examp les . 
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PP-5863-0550-01-A PP-5967-0502-02-A PP-9653-0652-02-A PP-5707-0502-04-A

PP-5500-0542-02-A 

PP-9541-0532-02-A

Production Time (hrs) 15.67 9.75 19 25.5 14.5 11.75

Utilised Time (hrs) 14.95 9.08 17.28 23.14 13.94 11.17

Total Delays (hrs) 0.72 0.62 1. 72 2.36 0.56 0.58

Documented Delays (hrs) 0.58 0.49 1.55 1.8 2.53 0.4

Undocumented Delays (hrs) 0.14 0.13 0.17 0.56 0.03 0.13

Lost Hrs

Callouts / Eng Issues 0.24 0.07 0.42 0.4 0 0

Kit not ready 0 0 0 0 0 0

No material 0 0 0 0 0 0

Spares not kitted 0 0.08 0.41 1.01 0 0

Tooling issues 0 0 0.13 0 0 0

No resource 0 0 0 0 0 0

Track error 0.13 0 0.04 0.13 0.12 0

Changeover  0 0 0 0 0 0

Machine Breakdown 0.12 0 0.15 0.17 0.24 0.24

AOI Backlog 0.05 0.09 0.07 0.04 0.02 0.02

Oven Backlog 0.05 0.11 0.07 0.03 0.06 0.06

Power up / Shutdown 0.13 0.07 0.1 0.19 0.12 0.08

Part Replenishment 0 0.07 0.16 0.1 0 0

Network /IT issues 0 0 0 0.29 0 0

Admin / Training 0 0 0 0 0 0

Short / Undocumented 0.14 0.23 0.17 0.56 0.33 0.33

Total Delays (hrs) 0.72 0.62 1. 72 2.36 0.56 0.58

Utilisation % 95.4%93.1%90.9%90.7%96.1%95.1%

Utilisation Target % 85.0%85.0%85.0%85.0%85.0%85.0%

MISKIN
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List  Job name  Clusters Date  Quantity (Panels) Minimum  Maximum  Average 

New Generated 

optimised time 

Original time on job 

sheet 

1

PP-5863-0550-01-A WK05 - 

PHC10-3 PLUS

09/02/23 -09/02/23 456 1m 58s 3m 46s 2m 13s 99.53s/board   = 1m 40s 0.043417hrs x 1 = 2m 35s

2

PP-5967-0502-02-A WK06 - 

TSI-2

20/02/23 - 20/02/23 201 2m 11s 4m 04s 2m 25s 122.97s/board  = 2m 03s 0.01078125hrs x 4 = 2m 36s

3

PP-9653-0652-02-A WK08 - 

TONIC READHEAD ALT LIMIT

22/02/23 - 23/02/23 412 2m 36s 7m 57s 3m 02s 151.43s/ board = 2m 31s 0.0021148hrs x 24 = 3m 03s

4

PP-5707-0502-04-A WK08 - 

PSI200-3 STANDALONE 

27/02/23 - 28/02/23 1225 0m 44s 4m 56s 1m 08s 41.31s/board = 0m 41s 0.0143hrs x 1 = 0m 51s

5

PP-5500-0542-02-A  WK09 - 

HIS PCB

06/03/23 - 06/03/23 678 1m 11s 4m 42s 1m 14s 61.79s/board = 1m 02s  0.005465hrs x 4 = 1m 20s

6

PP-9541-0532-02-A WK11 - 

RGH24 BASE ERIS

14/03/23 - 14/03/23 444 0m 59s 9m 30s 1m 23s 52.22s/ board =0m 52s  0.0013995hrs x 14 = 1m 10s
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Job Names

PP-5863-0550-01-A PP-5967-0502-02-A PP-9653-0652-02-A PP-5707-0502-04-A

PP-5500-0542-02-A 

PP-9541-0532-02-A

Total Boards ran  456 201 412 1225 678 444

Passed  441 191 375 1152 658 426

Failed  15 10 37 73 20 18

Miskin
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Job Name   Initial OEE Value  Optimised OEE Value  

PP - 5863 - 0550 - 01 - A  74.40%  77.80%  

PP - 9653 - 0575 - 01 - A  81.60%  82.90%  

PP - 9653 - 0652 - 02 - A  72.50%  79.90%  

PP - 5707 - 0502 - 04 - A  65.40%  79.30%  

PP - 5500 - 0542 - 02 - A   79.70%  81.30%  

PP - 9541 - 0532 - 02 - A  77.80%  80.40%  
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Miskin  

Less Than 3 mins  3 mins to 6 mins  6 mins to 9 mins  9 mins to 12mins  12 mins to 15mins  15 mins to 18mins  Greater Than 18 mins  
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Optimised 

Minimum build 

time (s)

Initial Minimum 

Build time (s)

Difference in 

time (s)

Number of 

boards 

Total difference 

(s)

Total in hours 

118 155 37 456 168724.686 = (4hrs 41min)

131 156 25 201 5025 1.395 = (1hr 23min)

156 183 27 412 11124 3.09 = (3hrs 5min)

44 51 7 1225 85752.381 = (2hrs 22min)

71 80 9 678 6102 1.695 = (1hr 41min)

59 70 11 444 4884 1.356 = (1hr 21min)

TOTAL 14hrs 33min


image2.png




image77.emf
MONTH 1  MONTH 2 MONTH 3 MONTH 4 MONTH 5 TOTAL

Costs

Downtime to the line due to increase in 

changeover  (Month 1 only 3 weeks due 

training)

£1,090.70 £1,454.27 £1,454.27 £1,454.27 £1,454.27

£6,907.78

Training on new SOP for operators and 

teqnichians Line down for 16hrs

£6,599.20

£6,599.20

Monthly OEE Audits (4hrs)

£1,649.80 £1,649.80 £1,649.80 £1,649.80 £1,649.80

£8,249.00

additional two kitter/operators salary £21K 

+20% shift  (including starter kit in month 

1))

£5,700.00 £4,200.00 £4,200.00 £4,200.00 £4,200.00

£22,500.00

2 New feeder trolleys (7.5K each)

£15,000.00

£15,000.00

TOTAL  £30,039.70 £7,304.07 £7,304.07 £7,304.07 £7,304.07 £59,255.98

Cumulative  £30,039.70 £37,343.77 £44,647.84 £51,951.91 £59,255.98

Benefits

Decrease run time of a job required  

(Month 1 only 3 weeks due training)

£14,667.22 £19,556.30 £19,556.30 £19,556.30 £19,556.30

£92,892.42

£0.00

£0.00

£0.00

£0.00

TOTAL  £14,667.22 £19,556.30 £19,556.30 £19,556.30 £19,556.30 £92,892.42

Cumulative  £14,667.22 £34,223.52 £53,779.82 £73,336.12 £92,892.42

NET BENEFIT OR COST 

-£15,372.48 £12,252.23 £12,252.23 £12,252.23 £12,252.23

£33,636.44

Overall Cost Benefit Ratio: 1 to 1.56

Cost Benefit Analysis 
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Line Graph displaying the the benefits trendline crossing over the cost
trendline after the second month of Running Sinlge assembly jobs.
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Gantt chart.xlsx


Gantt chart.xlsx
ProjectSchedule

		Create a Project Schedule in this worksheet.
Enter title of this project in cell B1. 
Information about how to use this worksheet, including instructions for screen readers and the author of this workbook is in the About worksheet.
Continue navigating down column A to hear further instructions.		INVESTIGATING SMT (LINE) EFFECTIVENESS 

		Enter Company Name in cell B2.		Company Name:		RENISHAW PLC

		Enter the name of the Project Lead in cell B3. Enter the Project Start date in cell E3. Pooject Start: label is in cell C3.				Project Start:				Tue, 02/08/2022

		The Display Week in cell E4  represents the starting week to display in the project schedule in cell I4. The project start date is considered Week 1. To change the display week, simply enter a new week number in cell E4.
The starting date for each week, starting with the display week from cell E4, starts in cell I4 and is auto calculated. There are 8 weeks represented in this view from cell I4 through cell BF4.
You should not modify these cells.
Display Week: label is in cell C4.		AB = Aneurin Bamsey		Display Week:				1								1 Aug 2022														8 Aug 2022														15 Aug 2022														22 Aug 2022														29 Aug 2022														5 Sep 2022														12 Sep 2022														19 Sep 2022														26 Sep 2022														3 Oct 2022														10 Oct 2022														17 Oct 2022														24 Oct 2022														31 Oct 2022														7 Nov 2022														14 Nov 2022														21 Nov 2022														28 Nov 2022														5 Dec 2022														12 Dec 2022														19 Dec 2022														26 Dec 2022														2 Jan 2023														9 Jan 2023														16 Jan 2023														23 Jan 2023														30 Jan 2023														6 Feb 2023														13 Feb 2023														20 Feb 2023														27 Feb 2023														6 Mar 2023														13 Mar 2023														20 Mar 2023														27 Mar 2023														3 Apr 2023														10 Apr 2023														17 Apr 2023														24 Apr 2023														1 May 2023														8 May 2023

		Cells I5 through BL5 contain the day number for the week represented in the cell block above each date cell and are auto calculated.
You should not modify these cells.
Today's date is outlined in Red (hex #AD3815) from today's date in row 5 through the entire date column to the end of the project schedule.																1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		1		2		3		4		5		6		7		8		9		10		11		12		13		14

		This row contains headers for the project schedule that follows below them. 
Navigate from B6 through BL 6 to hear the content. The first letter of each day of the week for the date above that heading, starts in cell I6 and continues through cell BL6.
All project timeline charting is auto generated based on the start and end dates entered, using conditional formats.
Do not modify content in cells within columns after column I starting with cell I7.		TASK		ASSIGNED
TO		PROGRESS		START		END				DAYS		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S		M		T		W		T		F		S		S

		Do not delete this row. This row is hidden to preserve a formula that is used to highlight the curren day within the project schedule. 														

		Cell B8 contains the Phase 1 sample title. 
Enter a new Title in cell B8.
Enter a name to assign the phase to, if it applies for your project, in cell C8.
Enter Progress for the entire phase, if it applies for your project, in cell D8.
Enter the start and end dates for the entire phase, if it applies for your project, in cells E8 and F8. 
The Gantt chart will automatically fill in the appropriate dates and shade according to the progress entered.
To delete the phase and work only from tasks, simply delete this row.		Phase 1 - Define												

		Cell B9 contains the sample task "Task 1." 
Enter a new task name in cell B9.
Enter a person to assign the task to in cell C9.
Enter progres of the task in cell D9. A progress bar appears in the cell and is shaded according to the number in the cell. For example, 50 percent progress would shade half of the cell.
Enter task start date in cell E9.
Enter task end date in cell F9.
A status bar shaded for the dates entered appears in blocks starting from cell I9 through BL9. 		Create Gantt Chart		AB		100%		2/8/22		16/5/23				288

		Rows 10 through 13 repeat the pattern from row 9. 
Repeat the instructions from cell A9 for all task rows in this worksheet. Overwrite any sample data.
A sample of another phase starts in cell A14. 
Continue entering tasks in cells A10 through A13 or go to cell A14 to learn more.		Write Project Report		AB		100%		2/8/22		29/5/23				301

				Identify suitable project 		AB		100%		28/8/22		4/9/22				8

				Write Initial Proposal for (17/09/2022)		AB		100%		5/9/22		17/9/22

				Research into the project subject (speak to operators and technicians)		AB		100%		19/9/22		21/9/22				3

				Understand process and restrictions 		AB		100%		19/9/22		21/9/22				3

		The cell at right contains the Phase 2 sample title. 
You can create a new phase at any time within column B. This project schedule does not require phases. To remove the phase, simply delete the row.
To create a new phase block in this row, enter a new Title in cell at right.
To continue adding tasks to the phase above, enter a new row above this one and fill in the task data as in cell A9's instruction.
Update the Phase details in cell at right based on cell A8's instruction.
Continue navigating down column A cells to learn more.
If you haven't added any new rows in this worksheet, you will find 2 additional sample phase blocks have been created for you in cells B20 and B26. Otherwise, navigate through column A cells to find the additional blocks. 
Repeat the instructions from cells A8 and A9 whenever you need to.		Initial research into OEE 		AB		100%		25/9/22		26/9/22				2

				Set goals and aims for project 		AB		100%		26/9/22		27/9/22				2

				Identify support network 		AB		100%		28/9/22		29/9/22				2

				Research into existing litriture 		AB		100%		25/9/22		9/10/22				15

				Identify Bottleneck 		AB		100%		12/10/22		19/10/22

				Voice of Customer (CTQ tree)		AB		100%		19/10/22		21/10/22

				Phase 2 - Measure 												

				Create a data collection plan (checklist) 		AB		100%		28/10/22		29/10/22				2

				Collect Initial Data surrounfing OEE		AB		100%		4/11/22		25/11/22				22

		Sample phase title block		Compile all required data 		AB		100%		26/11/22		3/12/22				8

				Create Presentation for Initial Viva (19/12/22) 		AB		100%		5/12/22		19/12/22

				Calculate Initial OEE		AB		100%		22/12/22		23/12/22				2

				Investigate Optimised set up on same jobs 		AB		100%		4/1/23		9/1/23				6

				Phase 3 - Analyse 

				Analysis and Understand output of measure phase 		AB		100%		10/1/23		11/1/23				2

				Get stakeholder and carry out Fishbone Diagram 		AB		100%		13/1/23		15/1/23				3

		This is an empty row		Follow up with 5 Whys		AB		100%		15/1/23		15/1/23				1

		This row marks the end of the Project Schedule. DO NOT enter anything in this row. 
Insert new rows ABOVE this one to continue building out your Project Schedule.		Understand the cause to the process		AB		100%		17/1/23		21/1/23				5

				Investigate Current Set up of machine (Cause)		AB		100%		22/1/23		23/1/23				2

				Phase 4 - Improve												

				Understand how improvments can be implemented 		AB		100%		26/1/23		28/1/23				3

				Decide on a method of improvement 		AB		100%		28/1/23		28/1/23

				Making the improvement in real world 		AB		100%		4/2/23		8/2/23

				Testing new optimisation run 		AB		100%		9/2/23		14/3/23

				Collecting New Optimised data		AB		100%		10/2/23		18/3/23

				Calculate Optimise OEE Value		AB		100%		19/3/23		21/3/23

				Compare with old OEE values 		AB		100%		22/3/23		27/3/23

				Look into implications caused by new optimisation (changeovers)		AB		100%		28/3/23		29/3/23

				Collect data on Changovers 		AB		100%		29/3/23		3/3/23

				Carry out Cost benefit analysis 		AB		100%		5/4/23		10/4/23

				Discus results 		AB		100%		11/4/23		13/4/23				3

				Phase 5 - Control

				Understerstand the potentional threats to project overtime and introduce measure that can prevent them 		AB		100%		18/4/23		21/4/23

				Closing 												

				Conclusion (results, discussion, Future improvements) 		AB		100%		24/4/23		28/4/23				5

				Final Checks 		AB		100%		30/4/23		5/5/23

				 Final VIVA (Presentation (22/05/23)		AB		100%		6/5/23		22/5/23

				Project Poster 		AB		100%		6/5/23		2/6/23				28
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AN INVESTIGATION USING OVERALL EQUIPMENT EFFECTIVENESS (OEE) TO HIGHLIGHT THE MISUSE OF MACHINE PREFORMANCE WITHIN RENISHAW’S SURFACE MOUNT TECHNOLOGY (SMT) DEPARTMENT

 By: Aneurin Bamsey (2014505)











Viva Content

Personal Background 

Renishaw

The Project

The reason for doing the project

The aims and potential benefits gained from project

Potential risks to the project

Surface Mount Technology, SMT

Overall Equipment Effectiveness 

Literature Reviewed 

Tasks done to date 

Initial data from one Product (Calculations)

Critical To Quality Tree

Fishbone Diagram (ISHIKAWA)

SX2 Schematic 

What needs to be done 

Support network around this project 

Questions









Personal Background 

My Experience 

Started Renishaw Apprenticeship - July 2017 – July 2020

Maintenance Technician for 2 year (August 2020 – August 2022)

Promoted to a Assemblies Plant Maintenance Engineer in August 2022 – Present.



Role involves 

Planned preventative maintenance activities on various machinery and other process equipment

Introduce Projects to improve process of machines productivity 

Correctly access and diagnose fault on breakdowns and repair 

Provide Engineering Support to process engineers 





Renishaw

Renishaw is a global, high precision metrology and healthcare technology group. Who design, develop, and deliver solutions and systems that provide unparalleled precision, control, and reliability.

Renishaw are leading in fields such as additive manufacturing (also referred to as metal 3D printing), where they design and produce industrial machines which ‘print' parts from metal powder. 

Renishaw has around; 

77 offices 

36 countries

5,000 employees worldwide Over 3,000 people are employed within the UK where most of our research and development and manufacturing are carried out.















Fig.1 Miskin site, Renishaw, 2022)

Fig.2 (Founders Sir David McMurtry and John Deer, Renishaw, 2022)

Fig.3 (First and most recent trigger probe, Renishaw, 2022)

Fig.4(Positional encoders, Renishaw, 2022) 

Fig.5 (Additive manufacturing machine, Renishaw, 2022)





The Project

Problem: Management only consider Utilization as a means of measurement and are therefore falsely displaying a representation of the SMT’s productivity output. 

This is an example of bad practice which has become normalised. 

It has led management to believe if utilization is high, productivity is good and not questioning whether the equipment is running to its full potential and not just slowed down to ensure high utilization expectations. 

Therefore, misusing the machines performance resulting in wasted time and costs. 











Goal: To ensure correct data is being collected on machine performance displaying a true representation of the SMT productivity. From there OEE can be used to assess and analyse the SX2 Pick and Place machines Availability, Performance, and Quality aspects in order to improve productivity to meet the increase in demand from a medium to a high-volume production rate.







The reason for doing the project

Due to recent growth within the company, Renishaw have highlighted a significant demand for their products especially 

Positional Encoders and Machine tool probes

The company have also started a new product line of CMM machines (AGILITY)

Natural progressive growth in the customers 

This has unloaded a tremendous stress on the Surface Mount Technology Department (SMT) as all listed products require inbuilt printed circuit boards to operate correctly. This as a result has increased production requirement of printed circuit boards at the Miskin site. 





The aims and potential benefits gained from project

To improve machines productivity 

To collect more accurate data on machines performance improving the machine management

Improve Overall Equipment Effectiveness of the SX2 machine to ensure best use of equipment. 

Maintaining or increasing Availability and Quality by being able to highlight other areas (Losses) that may need improving

Introducing a Unit Per Hour (UPH) output to meet customer demands as volume of orders are increased and even create targets and creating sustainability within the department. 

Cost saving due to greater efficiency within the process and therefore factors such as use of operator time and energy costings can be used elsewhere in the business’s needs. 







Potential risks to the project

Poor Measurement - Collection of incorrect data resulting in inaccurate results which could worsen the current process.

Loss of transparency - Failure to track progression and results could also lead to confusion, misleading outcomes and no real definitive argument on project succession.

Mismanagement – Fall behind on tasks and milestones, resulting in lag to project deadline. 





Surface Mount Technology, SMT













Fig.6, (SMT Line diagram)







Overall Equipment Effectiveness 

Overall Equipment Effectiveness is a best practice tool that is used in lean manufacturing as a standard for measuring the process/equipment’s productivity. 

Productivity is used to assess how well a process is running in the eyes of the manufacturer. 

Using OEE it identifies the TRUE productivity of the process. 

The tool looks over 

Availability (no stop time)

Performance (runs fast as possible)

Quality (producing only good parts). 

Using the data from each aspect mentioned along with the calculation below (Fig.6) it will provide the total OEE percentage. Therefore, highlighting any underlining losses to be exploited and ameliorated.





Fig.8 (Overall Equipment Effectiveness, 2022)

Fig.7 (OEE Equation, 2022)





Literature Reviewed 

Reference #1

Advanced Engineering Informatics 52 (2022) 101583

Hsien-Pin Hsu

‘Solving the feeder assignment, component sequencing, and nozzle assignment problems for a multi-head gantry SMT machine using improved firefly algorithm and dynamic programming’



Reference #2

Int. J. Productivity and Quality Management (2015)

Andrea Chiarini

‘Improvement of OEE performance using a Lean Six Sigma approach: an Italian manufacturing case study’



Reference #3

Robotics and Computer-Integrated Manufacturing (2017)

Tian Hea, Debiao Lib, Sang Won Yoon

‘A multi-phase planning heuristic for a dual-delivery SMT placement machine optimization’







Tasks done to date 

To successfully complete this project the methodology chosen is a DMAIC approach, which is an acronym for Define, Measure, Analyse, improve and control.

















Initial data from one Product (Calculations)







Critical To Quality Tree







Fishbone Diagram (ISHIKAWA)













SX2 Schematic 





What needs to be done 









Support network around this project 

To successfully achieve this project, there is a good support network of colleagues that will be aiding the process and providing their expertise and experience along the way. 

This will include;

Senior Electronics Engineer – Phil Wilson (Experience surrounding OEE of SMT production and great knowledge of the process.)

Electronic Process Improvement Engineer – Adam Henwood (Helping with the processing and analysing of the correct data needed. Has a high level of knowledge of the setup and configuration aspects)

Lead Maintenance Engineer – Gareth Eckley (High knowledge and understanding of the entire SX2 machine and records Maintenance/downtime) 

SMT Engineering technician – Scott Pritchard (Experience in clustering and job setup for running)

Operators on the line - Feedback and Input 







Thank you for Listening 

Any Questions?





Fig.9 (Merry Christmas Logo Vector Art, 2022)
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Fish Bone for  Downtime.xlsx


Fish Bone for Downtime.xlsx
Sheet1

						Fishbone diagram





																		Enviroment																										Equipment																										Method

						Factory power cut to any and all equipment 																																														No structure or management can lead the team to 

						using electicity  																																														be unenthusiastic and preform innofficently  

																Power supply																		Machine breakdown and waiting on spare parts 																																		Poor management 

						Water in compressed air supply 

						put stop to line 																		Incorrect control of spare parts (safety stock)

																		Air Supply																																																				Poor maintenance 

						Weather conditions above utility capacity 																																		Set up incorrectly to its requirement 														Incorrect maintenance carried out (Lack of trianing 

																																																						through supplier )

																				Factory tempreture 								kitters rushing or reading the wrong paper work  																																										Incorrect Setup of machine

								Lack of maintenance 																																						Lack of maintenance 										Not taking into consideration how the setup

																																																								is affecting the machines preformance. 

																Waiting on other inline breakdowns																		Bad schedualing/planning of maintenance 																																Company system not working on new server 



						Congestion of boards at the end of the line 																																										Not enough feeders 																																								Problem Statement 

						(Magazines full of boards) prevent anymore boards 														Waiting on Downstream machine																																				Updates can cause softwares and job fines 																Did not calculate the back log 

						sent down the line 																												High number of feeders are out of service or due to high 																								to be currupted and therefore need to be 

																																		component set up leave shortage of feeders																										reinstalled for new updates 

																						Waiting on Upstream machine																														No Available Cart																								Incorrect material list 

										Machines underpreforming pre SX2 																																																																														Poor Performance Percentage

																																						Carts out of service under maintenacne provision 





								Waiting on more boards to be send from supplier stalling 																												High scrap due to spit out/ incorrect components for job or miscount for number of jobs  																										Leaves skill gaps in process and therefore SX2 is 

								the lines productivity 																																																						expected to receive less attention 														Shortage of operators 

																								shortage of boards 

						Incorrect training, lack of correct storage or damaged on transit 																												Supply chain issues 												Incorrect number of component 

																																																										Mistakes will be made running the SX2 												Inexperience or incorrectly trained 

																																																										line that will cause downtime 

														Components stored could have been damaged 

																																												Lack of Production records 																				Not available (busy doing other things) in the process

																																Poor data collection techniques resulting in  

																																badly organised or lack of records																																		Line may stop for 

																																																																		a few minutes 						Toilet breaks 

																		Global Supply shortage 																										Poor output targets								Shortage of staff or made team management 



																														Due to a lack of data collection a baseline is non-																												Human error (load incorrect components, programs or nozzles)

																														existent and therefore no targets can be 

								Shortage of Components due to global shortage 																						generated. 

																																																												Lack of knowledge/ training or mistakes when rushing  



										Pandemic or economic cricise  



																		Materials																										Measures																										People
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SMT CHANGEOVER.docx
SMT CHANGEOVER (3 Operators 1 Technician )

Nutek Conveyors

· Manually/ Automatically adjust to correct width.

DEK (Changeover from scratch, No Stencil, or Squeegees)

1. Load program

2. Adjust PIN support to relevant widths. (Narrow boards generally use 3, wider boards use 4).

3. Set the GRID-LOK tooling to Auto or Manual (depending on what route states, slightly different setups also)

4. Insert squeegees (stated on route).

5. Calibrate squeegees.

Setup for Auto

6. GRID-LOK tooling should be set to AUTO / RESET

7. Load stencil (T number stated on route)

8. Load board 

9. Alignment (This is to ensure the Fiducial setup is correct and allows any relevant changes if required, also at this point the board should sit flush against the stencil allowing operators to check if any gaps have occurred)

10. Apply paste.

11. Unload board.

12. Return to home screen and run.

Setup for Manual (continue from point 5)

13. Prior to starting GRID-LOK tooling should be set to SEMI AUTO / RESET

14. Setup tooling (tab on left hand side of screen)

15. Load board.

16. Print height (Rising table option, table should rise without pins firing)

17. Place DEK Plate on top of board, holding plate in centre.

18. Using the GRID-LOK tooling trigger, move right button to SET (pins should fire)

19. Remove DEK Plate off board. Close lid.

20. Home

21. Unload board

22. Proceed from Point 7.

SX2 & SX1 (Changeover from scratch, No cots, or PINS)

1. Load all cots into correct locations (SX2-1 Right, SX2-2 Left, SX1-1 Right, SX1-2 Left)

2. Send program over via Line Control PC (it will ask for confirmation that no boards or pins are within machine, click ok)

3. Press Start on both SX1 & SX2 for the configuration (nozzle, board width and setup) process to begin.

4. Scan all cots to line (1st = Verification barcode on side of SX, 2nd cot barcode, all feeder lights should turn green and be active, if not scanner will ask you to verify now)

5. Setup barcode scanner prior to machine, moving from top to bottom depending on placement of barcode on board.

6. Stop both machines.

7. Press the feeder tab on bottom of screen.

8. Press the conveyor tab in centre of screen.

9. Load a board into the machine until red LED light appears in the lower box.

10. Press Placement position, this will load the board into placement section of machine.

11. Drop cot to reach SX machine table. Lift lid for better access.

12. Board should be fixed in location, place sufficient pins so board is solid (certain assemblies require a set number of pins, this is stated on route). 

13. Once satisfied, close lid, insert cot, activate cots by scanning as per point 4.

14. Press Output section and repeat on SX1.

OVEN 

1. File

2. Open

3. Select correct recipe.

4. Run (It will ask you again if you want to Run Now, Run Later or Run when no more product in process). Click Run Now.

5. Machine will alarm for 5 seconds OR click Run Now to activate straight away.

6. Conveyors and centre rail should begin adjusting.

7. Wait for temperatures to reach target (green light will turn on)

AOI

1. Whilst machine is in Stop mode. Align barcode readers to barcode on board. 

2. Select Inspection Station

3. Click on the image of a Folder (Open Program).

4. Select assembly as stated on route (Production OR Concession).

5. Open

6. Machine will ask if conveyor widths require adjusting. Select relevant option.

7. Allow machine to do its relevant process and wait for Stop button to become active.

8. Select Stop and close Inspection Station

9. Click Open Assembly

10. File

11. Open

12. Select assembly as stated on route (Production OR Concession, should be same folder as Inspection Station).

13. Open

14. Click on Assembly tab.

15. Activate Layers.

16. Tick all boxes that aren’t ticked (usually its only TEXT which isn’t ticked)

17. Inspect tab.

18. Inspect Live (Once).

19. Board will enter machine, scan, and exit machine. Remove board and place back at beginning of QX600.

20. Check all failed inspection results.

21. Repeat steps 14, 15 and 16. This time ensuring TEXT is unticked.

22. Close program, computer will ask if you wish to save your changes, click yes.

23. Repeat steps 2 > 7.

24. Press play
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Tilte:

An Investigation using Overall Equipment Effectiveness (OEE) to 

highlight the misuse of machine preformance within Renishaw Surface 

mount technolog (SMT) Deparment.

Date:  1st of September, 2022 

Project Manager: 

Project 

Justification: 

Project Scope 

Description:

Project Objective:

In Scope:

Out Scope:

Cost Estimate:

Customers (In-

house):

Assumptions 

Delivrables

Constraints

Deadline 

PROJECT CHARTER/SCOPE STATEMENT 

Aneurin Bamsey

The investigation will look into improving the lines preformance through identifying any 

bottleneck/machines under preforming to suggests future improvements. The purpose of the project is to 

improve production output to meet larger output targets due to miskin plant expansion and world 

customer demands. 

Through Using Overall Equipment Effectiveness (OEE) along side Industrial Six Sigma tools the project will 

highlight, analyse and improve any underpreforming machines within the SMT line followed with 

comparission data for justification. 

• Operators and technicians working on the line                                                                                                                         

• Engineering production team                                                                                                                                         

• Electronic Senior management                                                                                                                                                                       

• Other department that use SMT boards within the build of their products          

The goal is to uncover hidden capacity (losses) within the process and display results that would 

encourage senior management to take actions in implementing inprovements suggested within the 

project.                      Aims include;                                                                                                                                                                                                      

• Highlighing process Bottleneck                                                                                                                                                                

• Improving the OEE Percentage                                                                                                                                                                                                                                                                                                                                               

• Producing a greater output                                                                                                                                                                      

• Maintain or improve customer (People effected working on the line) Satisfaction.                                                                  

• Cost savings  

• Look into improving Machine Avalibility                                                                                                                                      

• Look into improving Machine Quality                                                                                                                                        

• Identifying biggest downtime reasoning and provide         

No clear cost estimate as time spent on project will be done outside working hours and in regards to 

requesting for trials to run on the line it will be synced up with production requirement therefore not using 

additional time or facility utilities. 

• The project will be completed on time but will be short of data due to the time frame given.                             

• Not all resources will be avaliable and therefore will require manual investingating                                                    

• The current method of measuring the machine preforming is incorect and will be highlighted through the 

use of OEE.                                                                                                                                                             

• Gantt chart                                                                                                                                                                                                                           

• Check sheet for customer satisfaction linking CTQ tree                                                                                                                                             

• A baseline for OEE 

• Time restrictions - This involves time allowed on the SMT line due to production or time to create enough 

improvement stage data due to deadlines for the project.                                                                                                                                        

• Resources restrictions - Tools/ Experties in putting forth improvements to machines both hardware and 

software related. 

•  Project Proposal - 17th of September 2022                                                                                                                                                 

•  Initial Viva - 12th of Deceber 2022                                                                                                                                                             

•  Final Project Report  - 19th of May 2023                                                                                                                                                                                            

•  Fianl Project Viva and Project Poster - 24th of May 2023                                                                                                                                                                       

• Appropriate justification methods to identify bottleneck followed later by results of elimination of 

bottlenecking.                                                                                                                                                                                                    

• Correct data collection plan as well as a large source of valid data.                                                                                                                                                                                                     

• Producing a preformance chart to ilistrate the changes                                                                                                                 

• Ensure a Critical-to-Quality is done and met.                                                                                                                                                 

• A final Cost comparisson analysis.     
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Conveyor transport princi-
ple

When the board reaches the
placement area, it is gently
slowed down (braked). As
soon as the board has
reached its target position,
the conveyor belt is stopped
and the board is clamped
from below. The placement
process begins immediately
afterwards. The transporta-
tion and clamping of the
boards is monitored.

Position of conveyor sides

The conveyor can be easily
adjusted with the automatic
electrical width adjustment
system, to accommodate
various different board
widths. Both the single and
flexible dual conveyor allow
you to set the fixed conveyor
side on the right or left, as
required.

V2_DMS%20201511

—  100% +

Alternating placement
mode

In the sophisticated
SIPLACE placement con-
cept, the two heads operate
altemately to process boards
on both conveyor lanes.
While the first head places
components on both boards,
the other head picks up new
components.

x | E Anint x | @ optim X | @ Placin x | [ down X

S

Single conveyor

When using a single con-
veyor, boards are moved
behind one another, along a
conveyor lane and into the
placement machine, where
they are placed. This con-
veyor variant is particularly

suitable for very wide boards.
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Operator-friendly

« Contactless data and
power transmission make
it easier to attach/remove
the tape feeder modules
Menu-driven LCD display
with full graphics capabil-
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A multicolor status dis-

play signals the operating
statuses of the X tape
feeder module:

- Green: “Standby/Set-up
in progress”
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the service life of the X
tape feeder modules.

Intelligent

+ Aunique tape feeder mod-
ule ID ensures that the
component is assigned

@ Pecn x | [ downl x

()]

@ spez x | @ 1710 x

High feeding accuracy
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Component trolley
SIPLACE SX Component trolley SIPLACE SX

The SIPLACE SX compo-
nenttrolleys are independent 7 Changeover table
and easily maneuverable

modules. The SIPLACE SX

machines can accommodate

two componenttrolleys, each

with 60 tracks. If a WPC5/

WPC6 is set up at one of the

locations, the other location

can accommodate a compo-
nent trolley with 30 tracks.
The tape reels are taken up
into the tape container of the
component trolley. A cutting
device on the machine auto-

matically cuts the used tape
material. The component Tape container

trolleys can be set up directly

on the machine or at an Waste container for remaining

external setup area with empty tape

feedermodules. The benefits

of offline setup are thatthe ~ The component feeders are  This ensures the correct
configurations can be pre-  at rest during the placement  assignment of components
pared without stopping the  process - allowing tapesto  to tracks and the traceability
line. This allows the setupto  be spliced without stopping ~ of PCB placement with the
be changed very quickl the machine. With the help of __Traceability software.

P Type here to search x @ @ 16°C Mostly sunny





image30.png
All Time
Planned Production Time Schedule Loss

pyallshilityitos
HetBundime
Fully Productive Time Quality Loss





image31.emf
 

 

Customer Needs     

Quality Drivers    

Performance Requirements     

CTQ's    

Improve the SX2  Performance during  machine operations,  through optimising  its set - up.  

Complexity  

Cost  

Efficiency  

Quality  

Carry out OEE surrounding Quality again  after optimisation to compare the  percentage before and after   

Increase or maintain the  level of  quality  during  component  placement onto the   board.  

C arry out OE E on SX2 machine on a regular  basis or implement a monthly data analysis  through AOI   ma chine .   

Consistent results throughout   

Create a process map before and after  optimisation   and  compare.    

Ensu re i ncrease d   machine  efficiency without adding  additional time to the  process .    

Introduce a Units Per Hour (UPH)  structure so that targets can be  met.  

Create calculation to work out the best  Units per hour for each of the products ran  on the line   as a   baseline.  

Do not introduce more restrictions  to the   current   set - up  process or  running state , straining the roles  of those  involved.    

Create   form / meetings  for operators to  give feedback on how the optimisation has  changed the simplifications of both set - up  and running  machine .  

Does not introduce complications  towards safety of those on the  line.  

Carry out a risk assessment after  optimisation to check for safety  implications.    

Does not cost more than  50 % of  the cost gone into maintaining the  project.    

Have a trial run along with a feasibility  study to ensure costs don’t exceed.  

Cost saving from greater efficiency  of the process whether from  utilities or manpower.   

Monitor time taken to run the machine  before and after optimisation and record  use of operator’s time before and after  optimisation.  
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Process Table

Project Title :

OEE On SX2 M/C

Project Owner : Aneurin Bamsey (AB)

Location / Site :

Renishaw, Miskin

Department/area :

Surface mount Technology

Required data:

Data type (Descrete or 

Continuous):

Description: Deadline:

Who and How (Individual responsible 

and method used):

Checklist: Signiture and data:

Avalibilityu of the 

SX2

Continuous

Data to show how many hours the SX2 has 

ran, comparison to its total availiable hours 

(exculding holidays, weedends and scheduale 

maintnenace) between June 1st 2022 - 

December 22th 2022)

23/12/2022

Aneurin (Project Owner) - This data was 

collected by using the SX2 interface 

software that transfers data to %%%% 

which can then be exported into an 

Mircosoft Excel spreadsheet. 

Aneurin Bamsey (Project 

Owner) - 

Preformance of the 

SX2

Continuous

Data to show how well the machine if 

preforming compared to the expected 

machine preformance given form the job 

sheet, between June 1st 2022 - December 

22th 2022)

23/12/2022

Aneurin (Project Owner) - This data was 

collected on SiplaceExplore.com which is 

synced to the SX2 through Enthernet. 

Using history Logbook data can be 

retreved 

Aneurin Bamsey (Project 

Owner) - 

Quality of the SX2

Continuous

Data to show how many boards pass and fail 

post SX2 machine Between June 1st 2022 - 

December 22th 2022)

23/12/2022

Aneurin (Project Owner) - This data was 

collected by using the CyberOptics AOI 

machine which allows data to be 

transferred over %%%% which can then 

be exported into an Mircosoft Excel 

spreadsheet. 

Aneurin Bamsey (Project 

Owner) - 

Initali OEE

Continuous

Take the data collected from Avalibility, 

preformance and quality find the percentage 

for each and use to calculate its OEE

03/01/2023

Aneurin (Project Owner) - Data was 

collected through previous data 

collected from in the above activities. 

Aneurin Bamsey (Project 

Owner) - 

Cluster jobs 

Descrete 

Collect all the cluster jobs ran on the SX2 

between June 1st 2022 - December 22th 

2022

03/01/2023

Aneurin (Project Owner) - This was 

collected from the preformance table 

which was collected from 

SiplaceExplorer.com

Aneurin Bamsey (Project 

Owner) - 

frequency of jobs 

Descrete 

Using the data collectiong all the cluster jobs 

between June 1st 2022 - December 22th 

2022 to highlight which jobs were most ran

03/01/2023

Aneurin (Project Owner) - This data was 

collected from the total cluster jobs and 

placed into a bar chart. 

Aneurin Bamsey (Project 

Owner) - 

DATA COLLECTION PLAN
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PP-5967-0502-02-A PP-4113-1180-04-B PP-4113-1180-04-B PP-5863-0550-01-A PP-5707-0502-04-A PP-5863-0542-02-A PP-5863-0550-01-A PP-5967-1752-03-A

PP-5500-0542-02-A 

PP-9653-0652-02-A PP-6516-0502-03-A PP-5863-0550-01-A PP-6195-0500-07-A PP-5967-0502-02-A PP-9690-0542-01-A PP-9690-0552-03-A PP-5863-0550-01-A PP-5707-0502-04-A PP-5863-0560-01-A PP-9511-0652-02-B PP-5623-0642-03-A PP-5863-0550-01-A PP-6516-0502-03-A PP-9770-0592-01-B PP-9690-0552-03-A PP-9653-0652-02-A PP-5656-0522-03-B PP-5687-0560-09-A PP-6711-0502-02-A PP-9653-0652-02-A PP-9796-0512-01-A PP-5492-0702-01-A

Production Time (hrs) 8 11.75 19.5 12.63 17 14.5 22 40.5 30 20.25 7.75 23.25 10.5 18 34 22.5 29.75 10.5 8.25 20 10 47.5 15 14.5 7.25 26 24.5 13.75 20 58.5 10.5 10.5

Utilised Time (hrs) 7.36 10.05 16.62 11.67 15.07 12.64 18.81 35.91 27.54 19.86 7.28 20.88 9.81 16.22 31.3 19.75 27.04 9.01 7.83 18.38 8.72 40.39 14.09 13.84 6.27 24.14 22.16 12.78 18.67 54.13 9.46 9.29

Total Delays (hrs) 0.64 1.7 2.88 1.04 1.83 1.86 3.19 4.59 2.46 0.39 0.47 2.37 0.69 1.78 2.7 2.75 2.71 1.49 0.42 1.62 1.28 7.11 0.91 0.66 0.98 1.86 2.34 0.97 1.33 4.37 1.04 1.21

Documented Delays (hrs) 0.56 1.47 2.71 0.72 1.5 1.75 2.64 4.05 1.98 0.34 0.45 2 0.62 1.6 1.8 2.13 2 0.69 0.4 1.22 0.78 5.83 0.71 0.56 0.98 1.56 1.64 0.92 1.13 3.96 0.95 1

Undocumented Delays (hrs) 0.8 0.23 0.17 0.42 0.33 0.11 0.55 0.54 0.48 0.05 0.02 0.37 0.7 0.18 0.9 0.62 0.71 0.8 0.02 0.4 0.5 1.28 0.2 0.1 0 0.3 0.7 0.05 0.2 0.41 0.09 0.21

Lost Hrs

Callouts / Eng Issues 0.02 0.2 0.48 0.04 0.42 0.31 0.41 0.71 0.24 0 0.06 0.62 0 0.23 0.46 0.55 0.18 0.06 0 0.13 0 1.1 0 0 0 0.6 0.57 0 0.05 0.82 0 0.38

Kit not ready 0.05 0.02 0 0 0.04 0.01 0 1.2 0 0 0 0 0 0 0.19 0 0 0.18 0 0 0 0.16 0 0 0 0 0.19 0 0 0.1 0 0

No material 0 0 0.02 0.08 0.01 0 0.71 0 0 0 0.04 0 0 0.13 0 0.11 0 0 0 0 0.52 0 0 0 0 0 0.04 0 0.2 0.03 0

Spares not kitted 0.06 0.01 1.1 0.03 0.05 0.7 0.44 0.09 0.02 0 0 0.22 0 0 0.01 0.21 0 0 0 0.03 0 0.39 0 0 0 0.26 0 0.04 0 0.13 0.04 0

Tooling issues 0 0 0.13 0 0 0 0 0.04 0 0 0 0 0 0 0 0.09 0 0.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0

No resource 0 0 0.19 0 0 0 0 0 0 0 0 0.07 0 0.37 0.23 0.21 0 0.14 0 0.23 0 0.07 0 0 0 0.06 0 0 0.01 0.2 0 0.03

Track error 0 0.3 0.04 0 0.28 0.04 0.07 0.06 0.07 0 0 0.12 0 0 0 0 0.31 0 0 0 0 0.4 0 0 0 0 0 0 0.21 0.38 0 0

Changeover  0.1 0.22 0.2 0.13 0.2 0.18 0.24 0.28 0.13 0.09 0.1 0.13 0.29 0.31 0.12 0.26 0.56 0.08 0.04 0.09 0.16 0.85 0.36 0.34 0.07 0.09 0 0.12 0.14 0.52 0.23 0

Machine Breakdown 0.21 0.25 0.15 0.17 0.24 0.22 1.06 0.44 1.34 0 0.01 0.5 0 0.34 0.27 0.23 0.38 0.06 0 0.17 0.12 0.41 0 0 0.5 0.19 0.17 0 0.21 0.39 0 0.07

AOI Backlog 0.02 0.09 0.07 0.04 0.02 0.09 0.19 0.29 0.03 0.05 0.06 0.06 0.08 0.07 0.14 0.14 0.06 0.05 0.15 0.03 0.17 0.17 0.17 0.09 0.15 0.01 0.09 0.21 0.1 0.2 0.11 0.12

Oven Backlog 0.03 0.11 0.07 0.03 0.04 0.06 0.12 0.12 0.02 0.1 0.13 0.08 0.13 0.19 0.13 0.06 0.07 0.02 0.06 0.09 0.12 0.08 0.1 0.04 0.19 0.16 0.27 0.2 0.13 0.11 0.12 0.08

Power up / Shutdown 0.07 0.07 0.1 0.1 0.12 0.13 0.11 0.1 0.1 0.1 0.09 0.12 0.12 0.09 0.13 0.23 0.17 0.04 0.15 0.12 0.21 0.17 0.08 0.09 0.02 0.19 0.04 0.14 0.13 0.14 0.03 0.03

Part Replenishment 0 0.07 0.16 0.1 0.09 0.02 0 0 0.01 0 0 0.04 0 0 0 0 0 0 0 0.12 0 1.4 0 0 0 0 0.24 0.05 0 0.35 0 0.26

Network /IT issues 0 0.33 0 0 0 0 0 0 0 0 0 0 0 0 0 0.06 0.13 0 0 0.13 0 0 0 0 0 0 0 0.09 0.15 0 0 0

Admin / Training 0 0 0 0 0 0 0 0 0.02 0 0 0 0 0 0 0.09 0.03 0.05 0 0.08 0 0.11 0 0 0 0 0.07 0.03 0 0.4 0.12 0.03

Short / Undocumented 0.8 0.23 0.17 0.42 0.33 0.11 0.55 0.54 0.48 0.05 0.02 0.37 0.7 0.18 0.9 0.62 0.71 0.8 0.15 0.4 0.5 1.28 0.2 0.1 0 0.3 0.7 0.05 0.2 0.41 0.09 0.21

Total Delays (hrs) 0.64 1.7 2.88 1.04 1.83 1.86 3.19 4.59 2.46 0.39 0.47 2.37 0.69 1.78 2.7 2.75 2.71 1.49 0.42 1.62 1.28 7.11 0.91 0.66 0.98 1.86 2.34 0.97 1.33 4.37 1.04 1.21

Utilisation % 92.0%85.5%85.2%92.4%88.6%87.2%85.5%88.6%91.8%98.1%93.9%89.8%93.4%90.1%92.1%87.0%90.9%85.8%94.9% 91.9%87.2%85.0%93.9%95.4%86.5%92.8%90.4%92.9%93.3%92.8%90.0%88.5%

Utilisation Target % 85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0% 85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%
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PP-5967-0502-02-A PP-4113-1180-04-B PP-4113-1180-04-B PP-5863-0550-01-A PP-5707-0502-04-A PP-5863-0542-02-A PP-5863-0550-01-A PP-5967-1752-03-A

PP-5500-0542-02-A 

PP-9653-0652-02-A PP-6516-0502-03-A PP-5863-0550-01-A PP-6195-0500-07-A PP-5967-0502-02-A PP-9690-0542-01-A PP-9690-0552-03-A PP-5863-0550-01-A PP-5707-0502-04-A PP-5863-0560-01-A PP-9511-0652-02-B PP-5623-0642-03-A PP-5863-0550-01-A PP-6516-0502-03-A PP-9770-0592-01-B PP-9690-0552-03-A PP-9653-0652-02-A PP-5656-0522-03-B PP-5687-0560-09-A PP-6711-0502-02-A PP-9653-0652-02-A PP-9796-0512-01-A PP-5492-0702-01-A PP-5656-0522-03-B PP-5687-0560-09-A PP-5707-0502-04-A PP-5863-0560-01-A PP-9541-0532-02-A PP-5967-0502-02-A PP-9541-0562-03-A PP-5707-0512-04-A PP-9690-0552-01-A PP-9653-0652-02-A PP-9541-0532-02-A PP-5967-1512-04-A PP-6712-0502-02-A PP-5623-0642-03-A PP-9690-0560-02-B PP-5500-0542-02-A PP-9653-0652-02-A PP-5863-0550-01-A PP-5967-0512-02-A PP-9796-0512-01-A PP-5707-0502-04-A PP-9511-0652-02-B PP-5500-0542-02-A PP-5967-0502-02-A PP-9653-0575-01-A PP-9541-0532-02-A PP-9560-0602-04-A PP-9770-0592-01-B PP-9417-0520-02-A PP-5707-0502-04-A

Production Time (hrs) 8 11.75 19.5 17 17 14.5 22 40.5 30 20.25 7.75 23.25 10.5 18 34 22.5 29.75 10.5 8.25 20 10 47.5 15 14.5 7.25 26 24.5 13.75 20 58.5 10.5 10.5 27.5 18.75 39 63 6.5 55.5 8 14.5 22.5 34.5 19.75 13.25 11.75 14.5 19 27 40 42.25 11.75 22 40.5 25.75 37 18 38 7 8.5 7.25 22 34.5

Utilised Time (hrs) 7.36 10.05 16.62 15.72 15.07 12.64 18.81 35.91 27.54 19.86 7.28 20.88 9.81 16.22 31.3 19.75 27.04 9.01 7.83 18.38 8.72 40.39 14.09 13.84 6.27 24.14 22.16 12.78 18.67 54.13 9.46 9.29 26.81 17.32 35.8 60.25 5.76 52.31 7.23 12.89 21.3 32.08 18.36 11.78 10.62 14.09 16.49 21.46 37.86 39.94 11.19 19.99 38.74 23.65 35.8 16.54 34.99 6.73 8.11 6.86 19.56 31.72

Total Delays (hrs) 0.64 1.7 2.88 1.28 1.83 1.86 3.19 4.59 2.46 0.39 0.47 2.37 0.69 1.78 2.7 2.75 2.71 1.49 0.42 1.62 1.28 7.11 0.91 0.66 0.98 1.86 2.34 0.97 1.33 4.37 1.04 1.21 0.69 2.18 3.2 2.75 0.74 3.19 0.77 1.61 1.2 2.42 2.14 1.47 1.13 0.41 2.51 3.04 2.14 2.31 0.56 2.01 1.76 2.1 1.2 1.46 3.01 0.27 0.39 0.39 2.44 2.78

Documented Delays (hrs) 0.56 1.47 2.71 0.72 1.5 1.75 2.64 4.05 1.98 0.34 0.45 2 0.62 1.6 1.8 2.13 2 0.69 0.4 1.22 0.78 5.83 0.71 0.56 0.98 1.56 1.64 0.92 1.13 3.96 0.95 1 0.68 2.09 2.59 2.21 0.7 2.05 0.73 1.53 1.16 2.16 1.95 1.17 0.83 0.39 1.63 2.83 2.11 2.01 0.62 1.82 1.7 1.96 1.02 1.4 2.02 0.27 0.38 0.39 2.33 1.93

Undocumented Delays (hrs) 0.8 0.23 0.17 0.56 0.33 0.11 0.55 0.54 0.48 0.05 0.02 0.37 0.7 0.18 0.9 0.62 0.71 0.8 0.02 0.4 0.5 1.28 0.2 0.1 0 0.3 0.7 0.05 0.2 0.41 0.09 0.21 0.01 0.09 0.61 0.54 0.04 1.14 0.04 0.08 0.04 0.26 0.19 0.3 0.3 0.02 0.88 0.27 0.03 0.3 0.04 0.19 0.06 0.14 0.08 0.06 0.99 0 0.01 0 0.11 0.85

Lost Hrs

Callouts / Eng Issues 0.02 0.2 0.48 0.04 0.42 0.31 0.41 0.71 0.24 0 0.06 0.62 0 0.23 0.46 0.55 0.18 0.06 0 0.13 0 1.1 0 0 0 0.6 0.57 0 0.05 0.82 0 0.38 0.19 0.38 0.33 0.42 0 0.2 0 0.25 0 0.14 0 0.16 0 0 0.3 0.28 0 0.35 0 0 0.25 0 0.16 0.07 0.34 0 0 0.03 0.16 0.38

Kit not ready 0.05 0.02 0 0 0.04 0.01 0 1.2 0 0 0 0 0 0 0.19 0 0 0.18 0 0 0 0.16 0 0 0 0 0.19 0 0 0.1 0 0 0 0.25 0.27 0 0 0.22 0 0 0 0.02 0.14 0 0 0 0 0.28 0.28 0 0 0 0 0.17 0 0 0.25 0 0 0 0.42 0

No material 0 0 0.02 0.08 0.01 0 0.71 0 0 0 0.04 0 0 0.13 0 0.11 0 0 0 0 0.52 0 0 0 0 0 0.04 0 0.2 0.03 0 0 0 0.21 0.06 0 0.4 0 0.09 0 0 0.26 0.08 0 0 0.24 0 0.19 0.14 0 0 0.05 0 0.1 0 0 0 0 0 0.26 0.2

Spares not kitted 0.06 0.01 1.1 0.03 0.05 0.7 0.44 0.09 0.02 0 0 0.22 0 0 0.01 0.21 0 0 0 0.03 0 0.39 0 0 0 0.26 0 0.04 0 0.13 0.04 0 0 0.16 0.19 0 0 0.14 0 0 0 0.09 0 0 0.21 0 0 0.34 0 0 0 0 0 0.28 0 0.05 0 0 0 0.02 0.34 0

Tooling issues 0 0 0.13 0 0 0 0 0.04 0 0 0 0 0 0 0 0.09 0 0.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.12 0 0.34 0.36 0 0 0 0.13 0.41 0 0 0 0 0 0.22 0 0 0 0 0 0 0 0.06 0 0 0 0 0 0 0.14

No resource 0 0 0.19 0 0 0 0 0 0 0 0 0.07 0 0.37 0.23 0.21 0 0.14 0 0.23 0 0.07 0 0 0 0.06 0 0 0.01 0.2 0 0.03 0 0.01 0 0 0 0.07 0 0.14 0 0.28 0.32 0.01 0 0 0 0.4 0 0.08 0 0 0.11 0.39 0.02 0 0 0 0 0 0.05 0

Track error 0 0.3 0.04 0 0.28 0.04 0.07 0.06 0.07 0 0 0.12 0 0 0 0 0.31 0 0 0 0 0.4 0 0 0 0 0 0 0.21 0.38 0 0 0 0.13 0.28 0.22 0 0.02 0 0 0 0.36 0.05 0 0 0 0 0.29 0.19 0.07 0 0.02 0.17 0.05 0.13 0 0.23 0 0 0 0.19 0.17

Changeover  0.1 0.22 0.2 0.13 0.2 0.18 0.24 0.28 0.13 0.09 0.1 0.13 0.29 0.31 0.12 0.26 0.56 0.08 0.04 0.09 0.16 0.85 0.36 0.34 0.07 0.09 0 0.12 0.14 0.52 0.23 0 0.1 0.22 0.02 0.15 0.14 0.12 0.09 0 0.02 0.11 0.27 0.23 0.05 0.04 0.2 0.29 0.29 0.02 0.11 0.35 0.15 0.01 0.15 0.12 0.13 0.07 0.07 0.03 0.17 0.16

Machine Breakdown 0.21 0.25 0.15 0.17 0.24 0.22 1.06 0.44 1.34 0 0.01 0.5 0 0.34 0.27 0.23 0.38 0.06 0 0.17 0.12 0.41 0 0 0.5 0.19 0.17 0 0.21 0.39 0 0.07 0.13 0.27 0.28 0.16 0.11 0.11 0.23 0.21 0.12 0.21 0.25 0.2 0.01 0 0.16 0.05 0.11 0.22 0.06 0.27 0.19 0.18 0.14 0.24 0.23 0.04 0.05 0.08 0.23 0.27

AOI Backlog 0.02 0.09 0.07 0.04 0.02 0.09 0.19 0.29 0.03 0.05 0.06 0.06 0.08 0.07 0.14 0.14 0.06 0.05 0.15 0.03 0.17 0.17 0.17 0.09 0.15 0.01 0.09 0.21 0.1 0.2 0.11 0.12 0.01 0.06 0.09 0.22 0.17 0.25 0.07 0.19 0.14 0.01 0.16 0.07 0.08 0.08 0.05 0.16 0.32 0.21 0.14 0.22 0.11 0.29 0.08 0.31 0.11 0.08 0.04 0.1 0.16 0.12

Oven Backlog 0.03 0.11 0.07 0.03 0.04 0.06 0.12 0.12 0.02 0.1 0.13 0.08 0.13 0.19 0.13 0.06 0.07 0.02 0.06 0.09 0.12 0.08 0.1 0.04 0.19 0.16 0.27 0.2 0.13 0.11 0.12 0.08 0.11 0.06 0.15 0.29 0.15 0.08 0.17 0.25 0.24 0.29 0.15 0.18 0.21 0.11 0.07 0.28 0.14 0.28 0.22 0.21 0.13 0.19 0.01 0.02 0.25 0.05 0.04 0.12 0.09 0.08

Power up / Shutdown 0.07 0.07 0.1 0.1 0.12 0.13 0.11 0.1 0.1 0.1 0.09 0.12 0.12 0.09 0.13 0.23 0.17 0.04 0.15 0.12 0.21 0.17 0.08 0.09 0.02 0.19 0.04 0.14 0.13 0.14 0.03 0.03 0.02 0.02 0.16 0.18 0.13 0.19 0.17 0.27 0.23 0.13 0.23 0.09 0.27 0.16 0.06 0.27 0.25 0.26 0.09 0.25 0.11 0.21 0.23 0.13 0.28 0.03 0.06 0.01 0.03 0.01

Part Replenishment 0 0.07 0.16 0.1 0.09 0.02 0 0 0.01 0 0 0.04 0 0 0 0 0 0 0 0.12 0 1.4 0 0 0 0 0.24 0.05 0 0.35 0 0.26 0 0.21 0.27 0.15 0 0.08 0 0 0 0.38 0 0 0 0 0 0 0.01 0.34 0 0.06 0.26 0.16 0.04 0.31 0 0 0.12 0 0.07 0

Network /IT issues 0 0.33 0 0 0 0 0 0 0 0 0 0 0 0 0 0.06 0.13 0 0 0.13 0 0 0 0 0 0 0 0.09 0.15 0 0 0 0 0 0 0 0 0.06 0 0 0 0 0.07 0.08 0 0 0.11 0.19 0.13 0 0 0.14 0.17 0.03 0 0.15 0.02 0 0 0 0.16 0

Admin / Training 0 0 0 0 0 0 0 0 0.02 0 0 0 0 0 0 0.09 0.03 0.05 0 0.08 0 0.11 0 0 0 0 0.07 0.03 0 0.4 0.12 0.03 0 0.12 0 0 0 0.11 0 0 0 0.14 0.05 0.07 0 0 0.22 0 0.19 0.04 0 0.31 0 0 0 0 0.08 0 0 0 0 0

Short / Undocumented 0.8 0.23 0.17 0.56 0.33 0.11 0.55 0.54 0.48 0.05 0.02 0.37 0.7 0.18 0.9 0.62 0.71 0.8 0.15 0.4 0.5 1.28 0.2 0.1 0 0.3 0.7 0.05 0.2 0.41 0.09 0.21 0.01 0.09 0.61 0.54 0.04 1.14 0.04 0.08 0.04 0.26 0.19 0.3 0.3 0.02 0.88 0.27 0.03 0.3 0.04 0.19 0.06 0.14 0.08 0.06 0.99 0 0.01 0 0.11 0.85

Total Delays (hrs) 0.64 1.7 2.88 1.28 1.83 1.86 3.19 4.59 2.46 0.39 0.47 2.37 0.69 1.78 2.7 2.75 2.71 1.49 0.42 1.62 1.28 7.11 0.91 0.66 0.98 1.86 2.34 0.97 1.33 4.37 1.04 1.21 0.69 2.18 3.2 2.75 0.74 3.19 0.77 1.61 1.2 2.42 2.14 1.47 1.13 0.41 2.51 3.04 2.14 2.31 0.56 2.01 1.76 2.1 1.2 1.46 3.01 0.27 0.39 0.39 2.44 2.78

Utilisation % 92.0%85.5%85.2%92.4%88.6%87.2%85.5%88.6%91.8%98.1%93.9%89.8%93.4%90.1%92.1%87.0%90.9%85.8%94.9% 91.9%87.2%85.0%93.9%95.4%86.5%92.8%90.4%92.9%93.3%92.8%90.0%88.5%97.5%88.8%91.8%95.6%88.6%94.3%90.4%88.9%94.6%92.9%89.6%88.9%90.4%97.2%86.8%87.6%94.7%94.5%95.2%90.9%95.7%91.8%96.8%91.8%92.0%96.1%95.4%94.6%88.9%91.9%

Utilisation Target % 85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0% 85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%
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PP-5967-0502-02-A PP-4113-1180-04-B PP-4113-1180-04-B PP-5863-0550-01-A PP-5707-0502-04-A PP-5863-0542-02-A PP-5863-0550-01-A PP-5967-1752-03-A

PP-5500-0542-02-A 

PP-9653-0652-02-A PP-6516-0502-03-A PP-5863-0550-01-A PP-6195-0500-07-A PP-5967-0502-02-A PP-9690-0542-01-A PP-9690-0552-03-A PP-5863-0550-01-A PP-5707-0502-04-A PP-5863-0560-01-A PP-9511-0652-02-B PP-5623-0642-03-A PP-5863-0550-01-A PP-6516-0502-03-A PP-9770-0592-01-B PP-9690-0552-03-A PP-9653-0652-02-A PP-5656-0522-03-B PP-5687-0560-09-A PP-6711-0502-02-A PP-9653-0652-02-A PP-9796-0512-01-A PP-5492-0702-01-A PP-5656-0522-03-B PP-5687-0560-09-A PP-5707-0502-04-A PP-5863-0560-01-A PP-9541-0532-02-A PP-5967-0502-02-A PP-9541-0562-03-A PP-5707-0512-04-A PP-9690-0552-01-A PP-9653-0652-02-A PP-9541-0532-02-A PP-5967-1512-04-A PP-6712-0502-02-A PP-5623-0642-03-A PP-9690-0560-02-B PP-5500-0542-02-A PP-9653-0652-02-A PP-5863-0550-01-A PP-5967-0512-02-A PP-9796-0512-01-A PP-5707-0502-04-A PP-9511-0652-02-B PP-5500-0542-02-A PP-5967-0502-02-A PP-9653-0575-01-A PP-9541-0532-02-A PP-9560-0602-04-A PP-9770-0592-01-B PP-9417-0520-02-A PP-5707-0502-04-A

Production Time (hrs) 8 11.75 19.5 17 17 14.5 22 40.5 30 20.25 7.75 23.25 10.5 18 34 22.5 29.75 10.5 8.25 20 10 47.5 15 14.5 7.25 26 24.5 13.75 20 58.5 10.5 10.5 27.5 18.75 39 63 6.5 55.5 8 14.5 22.5 34.5 19.75 13.25 11.75 14.5 19 27 40 42.25 11.75 22 40.5 25.75 37 18 38 7 8.5 7.25 22 34.5

Utilised Time (hrs) 7.36 10.05 16.62 15.72 15.07 12.64 18.81 35.91 27.54 19.86 7.28 20.88 9.81 16.22 31.3 19.75 27.04 9.01 7.83 18.38 8.72 40.39 14.09 13.84 6.27 24.14 22.16 12.78 18.67 54.13 9.46 9.29 26.81 17.32 35.8 60.25 5.76 52.31 7.23 12.89 21.3 32.08 18.36 11.78 10.62 14.09 16.49 21.46 37.86 39.94 11.19 19.99 38.74 23.65 35.8 16.54 34.99 6.73 8.11 6.86 19.56 31.72

Total Delays (hrs) 0.64 1.7 2.88 1.28 1.83 1.86 3.19 4.59 2.46 0.39 0.47 2.37 0.69 1.78 2.7 2.75 2.71 1.49 0.42 1.62 1.28 7.11 0.91 0.66 0.98 1.86 2.34 0.97 1.33 4.37 1.04 1.21 0.69 2.18 3.2 2.75 0.74 3.19 0.77 1.61 1.2 2.42 2.14 1.47 1.13 0.41 2.51 3.04 2.14 2.31 0.56 2.01 1.76 2.1 1.2 1.46 3.01 0.27 0.39 0.39 2.44 2.78

Documented Delays (hrs) 0.56 1.47 2.71 0.72 1.5 1.75 2.64 4.05 1.98 0.34 0.45 2 0.62 1.6 1.8 2.13 2 0.69 0.4 1.22 0.78 5.83 0.71 0.56 0.98 1.56 1.64 0.92 1.13 3.96 0.95 1 0.68 2.09 2.59 2.21 0.7 2.05 0.73 1.53 1.16 2.16 1.95 1.17 0.83 0.39 1.63 2.83 2.11 2.01 0.62 1.82 1.7 1.96 1.02 1.4 2.02 0.27 0.38 0.39 2.33 1.93

Undocumented Delays (hrs) 0.8 0.23 0.17 0.56 0.33 0.11 0.55 0.54 0.48 0.05 0.02 0.37 0.7 0.18 0.9 0.62 0.71 0.8 0.02 0.4 0.5 1.28 0.2 0.1 0 0.3 0.7 0.05 0.2 0.41 0.09 0.21 0.01 0.09 0.61 0.54 0.04 1.14 0.04 0.08 0.04 0.26 0.19 0.3 0.3 0.02 0.88 0.27 0.03 0.3 0.04 0.19 0.06 0.14 0.08 0.06 0.99 0 0.01 0 0.11 0.85

Lost Hrs

Callouts / Eng Issues 0.02 0.2 0.48 0.04 0.42 0.31 0.41 0.71 0.24 0 0.06 0.62 0 0.23 0.46 0.55 0.18 0.06 0 0.13 0 1.1 0 0 0 0.6 0.57 0 0.05 0.82 0 0.38 0.19 0.38 0.33 0.42 0 0.2 0 0.25 0 0.14 0 0.16 0 0 0.3 0.28 0 0.35 0 0 0.25 0 0.16 0.07 0.34 0 0 0.03 0.16 0.38

Kit not ready 0.05 0.02 0 0 0.04 0.01 0 1.2 0 0 0 0 0 0 0.19 0 0 0.18 0 0 0 0.16 0 0 0 0 0.19 0 0 0.1 0 0 0 0.25 0.27 0 0 0.22 0 0 0 0.02 0.14 0 0 0 0 0.28 0.28 0 0 0 0 0.17 0 0 0.25 0 0 0 0.42 0

No material 0 0 0.02 0.08 0.01 0 0.71 0 0 0 0.04 0 0 0.13 0 0.11 0 0 0 0 0.52 0 0 0 0 0 0.04 0 0.2 0.03 0 0 0 0.21 0.06 0 0.4 0 0.09 0 0 0.26 0.08 0 0 0.24 0 0.19 0.14 0 0 0.05 0 0.1 0 0 0 0 0 0.26 0.2

Spares not kitted 0.06 0.01 1.1 0.03 0.05 0.7 0.44 0.09 0.02 0 0 0.22 0 0 0.01 0.21 0 0 0 0.03 0 0.39 0 0 0 0.26 0 0.04 0 0.13 0.04 0 0 0.16 0.19 0 0 0.14 0 0 0 0.09 0 0 0.21 0 0 0.34 0 0 0 0 0 0.28 0 0.05 0 0 0 0.02 0.34 0

Tooling issues 0 0 0.13 0 0 0 0 0.04 0 0 0 0 0 0 0 0.09 0 0.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.12 0 0.34 0.36 0 0 0 0.13 0.41 0 0 0 0 0 0.22 0 0 0 0 0 0 0 0.06 0 0 0 0 0 0 0.14

No resource 0 0 0.19 0 0 0 0 0 0 0 0 0.07 0 0.37 0.23 0.21 0 0.14 0 0.23 0 0.07 0 0 0 0.06 0 0 0.01 0.2 0 0.03 0 0.01 0 0 0 0.07 0 0.14 0 0.28 0.32 0.01 0 0 0 0.4 0 0.08 0 0 0.11 0.39 0.02 0 0 0 0 0 0.05 0

Track error 0 0.3 0.04 0 0.28 0.04 0.07 0.06 0.07 0 0 0.12 0 0 0 0 0.31 0 0 0 0 0.4 0 0 0 0 0 0 0.21 0.38 0 0 0 0.13 0.28 0.22 0 0.02 0 0 0 0.36 0.05 0 0 0 0 0.29 0.19 0.07 0 0.02 0.17 0.05 0.13 0 0.23 0 0 0 0.19 0.17

Changeover  0.1 0.22 0.2 0.13 0.2 0.18 0.24 0.28 0.13 0.09 0.1 0.13 0.29 0.31 0.12 0.26 0.56 0.08 0.04 0.09 0.16 0.85 0.36 0.34 0.07 0.09 0 0.12 0.14 0.52 0.23 0 0.1 0.22 0.02 0.15 0.14 0.12 0.09 0 0.02 0.11 0.27 0.23 0.05 0.04 0.2 0.29 0.29 0.02 0.11 0.35 0.15 0.01 0.15 0.12 0.13 0.07 0.07 0.03 0.17 0.16

Machine Breakdown 0.21 0.25 0.15 0.17 0.24 0.22 1.06 0.44 1.34 0 0.01 0.5 0 0.34 0.27 0.23 0.38 0.06 0 0.17 0.12 0.41 0 0 0.5 0.19 0.17 0 0.21 0.39 0 0.07 0.13 0.27 0.28 0.16 0.11 0.11 0.23 0.21 0.12 0.21 0.25 0.2 0.01 0 0.16 0.05 0.11 0.22 0.06 0.27 0.19 0.18 0.14 0.24 0.23 0.04 0.05 0.08 0.23 0.27

AOI Backlog 0.02 0.09 0.07 0.04 0.02 0.09 0.19 0.29 0.03 0.05 0.06 0.06 0.08 0.07 0.14 0.14 0.06 0.05 0.15 0.03 0.17 0.17 0.17 0.09 0.15 0.01 0.09 0.21 0.1 0.2 0.11 0.12 0.01 0.06 0.09 0.22 0.17 0.25 0.07 0.19 0.14 0.01 0.16 0.07 0.08 0.08 0.05 0.16 0.32 0.21 0.14 0.22 0.11 0.29 0.08 0.31 0.11 0.08 0.04 0.1 0.16 0.12

Oven Backlog 0.03 0.11 0.07 0.03 0.04 0.06 0.12 0.12 0.02 0.1 0.13 0.08 0.13 0.19 0.13 0.06 0.07 0.02 0.06 0.09 0.12 0.08 0.1 0.04 0.19 0.16 0.27 0.2 0.13 0.11 0.12 0.08 0.11 0.06 0.15 0.29 0.15 0.08 0.17 0.25 0.24 0.29 0.15 0.18 0.21 0.11 0.07 0.28 0.14 0.28 0.22 0.21 0.13 0.19 0.01 0.02 0.25 0.05 0.04 0.12 0.09 0.08

Power up / Shutdown 0.07 0.07 0.1 0.1 0.12 0.13 0.11 0.1 0.1 0.1 0.09 0.12 0.12 0.09 0.13 0.23 0.17 0.04 0.15 0.12 0.21 0.17 0.08 0.09 0.02 0.19 0.04 0.14 0.13 0.14 0.03 0.03 0.02 0.02 0.16 0.18 0.13 0.19 0.17 0.27 0.23 0.13 0.23 0.09 0.27 0.16 0.06 0.27 0.25 0.26 0.09 0.25 0.11 0.21 0.23 0.13 0.28 0.03 0.06 0.01 0.03 0.01

Part Replenishment 0 0.07 0.16 0.1 0.09 0.02 0 0 0.01 0 0 0.04 0 0 0 0 0 0 0 0.12 0 1.4 0 0 0 0 0.24 0.05 0 0.35 0 0.26 0 0.21 0.27 0.15 0 0.08 0 0 0 0.38 0 0 0 0 0 0 0.01 0.34 0 0.06 0.26 0.16 0.04 0.31 0 0 0.12 0 0.07 0

Network /IT issues 0 0.33 0 0 0 0 0 0 0 0 0 0 0 0 0 0.06 0.13 0 0 0.13 0 0 0 0 0 0 0 0.09 0.15 0 0 0 0 0 0 0 0 0.06 0 0 0 0 0.07 0.08 0 0 0.11 0.19 0.13 0 0 0.14 0.17 0.03 0 0.15 0.02 0 0 0 0.16 0

Admin / Training 0 0 0 0 0 0 0 0 0.02 0 0 0 0 0 0 0.09 0.03 0.05 0 0.08 0 0.11 0 0 0 0 0.07 0.03 0 0.4 0.12 0.03 0 0.12 0 0 0 0.11 0 0 0 0.14 0.05 0.07 0 0 0.22 0 0.19 0.04 0 0.31 0 0 0 0 0.08 0 0 0 0 0

Short / Undocumented 0.8 0.23 0.17 0.56 0.33 0.11 0.55 0.54 0.48 0.05 0.02 0.37 0.7 0.18 0.9 0.62 0.71 0.8 0.15 0.4 0.5 1.28 0.2 0.1 0 0.3 0.7 0.05 0.2 0.41 0.09 0.21 0.01 0.09 0.61 0.54 0.04 1.14 0.04 0.08 0.04 0.26 0.19 0.3 0.3 0.02 0.88 0.27 0.03 0.3 0.04 0.19 0.06 0.14 0.08 0.06 0.99 0 0.01 0 0.11 0.85

Total Delays (hrs) 0.64 1.7 2.88 1.28 1.83 1.86 3.19 4.59 2.46 0.39 0.47 2.37 0.69 1.78 2.7 2.75 2.71 1.49 0.42 1.62 1.28 7.11 0.91 0.66 0.98 1.86 2.34 0.97 1.33 4.37 1.04 1.21 0.69 2.18 3.2 2.75 0.74 3.19 0.77 1.61 1.2 2.42 2.14 1.47 1.13 0.41 2.51 3.04 2.14 2.31 0.56 2.01 1.76 2.1 1.2 1.46 3.01 0.27 0.39 0.39 2.44 2.78

Utilisation % 92.0%85.5%85.2%92.4%88.6%87.2%85.5%88.6%91.8%98.1%93.9%89.8%93.4%90.1%92.1%87.0%90.9%85.8%94.9% 91.9%87.2%85.0%93.9%95.4%86.5%92.8%90.4%92.9%93.3%92.8%90.0%88.5%97.5%88.8%91.8%95.6%88.6%94.3%90.4%88.9%94.6%92.9%89.6%88.9%90.4%97.2%86.8%87.6%94.7%94.5%95.2%90.9%95.7%91.8%96.8%91.8%92.0%96.1%95.4%94.6%88.9%91.9%

Utilisation Target % 85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0% 85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%85.0%
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List  Job name  Clusters Date 

Quantity 

(Panels)

Minimum  Maximum  Average  Time on job sheet 

1 PP-5967-0502-02-A WK51 - TSI-3-C, 

TSI-2

 SMT #715 22/12/22 - 22/12/22 144 3m 4s 7m 54s 3m 32s 0.01078125hrs x 4 = 2m 36s

2 PP-4113-1180-04-B WK50 - 

RMP40 FLEXI RIGID

, RMP60 FLEXI 2 #703 15/12/22 - 13/12/22 1645 21s 876ms 9m 47s 22s 468ms 0.006hrs x 1 = 21s 6ms

3 PP-4113-1180-04-B WK50 - 

RMP40 FLEXI RIGID

, RMP60 FLEXI 2 #696 12/12/22 - 09/12/22 2719 21s 644ms 9m 47s 22s 764ms 0.006hrs x 1 = 21s 6ms

4 PP-5863-0550-01-A WK48 - PHC10-3, 

PHC10-3 PLUS

 UCC SS, PHC10-3 PROVEOUT #690 08/12/22 - 07/12/22 306 3m 5s 4m 54s 4m 4s 0.043417hrs x 1 = 2m 35s

5 PP-5707-0502-04-A WK48 - 

PI200-3 Standalone

, PSI200-3 INTEGRATED #688 06/12/22 - 06/12/22 822 1m 6s 2m 51 1m 19s 0.0143hrs x 1 = 0m 51s

6 PP-5863-0542-02-A WK48 - 

HIS

, OSI # 686 05/12/22 - 05/12/22 500 1m 31s 4m 45s 1m 34s 0.005465hrs x 4 = 1m 20s

7 PP-5863-0550-01-A WK48 - PHC10 PLUS, 

PHC10-3 PLUS

, UCC SS, PHC10-3 PROVEOUT #684 05/12/22 - 02/12/22 364 3m 6s 4m 37s 4m 04s 0.043417hrs x 1 = 2m 35s

8 PP-5967-1752-03-A WK46 -

 TSI-3B

, TSI-2C, TSI-2 #659 30/11/22 - 28/11/22 640 3m 22s 8m 8s 4m 04s 0.01252365 x 4 = 3m 0s

9 PP-5500-0542-02-A  WK46 - 

HIS

, OSI-D SMT ASSEMBLY #656 25/11/22 - 23/11/22 1114 1m 29s 2m 36s 1m 35s 0.005465hrs x 4 = 1m 20s

10 PP-9653-0652-02-A WK45 - 

TONIC READHEAD

, ACI INTERFACE IC HAUS, ACI INTERFACE GEMAC #642 21/11/22 - 17/11/22 650 1m 50 4m 48s 2m 2s 0.00215hrs x 12 = 1m 33s

11 PP-6516-0502-03-A WK44 - 

NCi-6 Rigid,

 Tonic Dual Output #623 10/11/22 - 10/11/22 190 2m 18s 16m 53s 2m 37s 0.008185hrs x 4 = 1m 58s

12 PP-5863-0550-01-A WK44 - PHC10-3, 

PHC10-3 PLUS

, UCC S3 #621 09/11/22 - 08/11/22 432 2m 54s 4m 55s 3m 10s 0.043417hrs x 1 = 2m 35s

13 PP-6195-0500-07-A WK44 - 

VIONIC DIGITAL READHEAD

, FS RESOLUTE DRIVE CLIC #611 08/11/22 - 08/11/22 276 2m 8s 4m 38s 2m 26s 0.00310235hrs x 10 = 1m 52s

14 PP-5967-0502-02-A WK44 - ACI INTERFACE, 

TSI-2

, TSI-2 #601 07/11/22 - 07/11/22 328 2m 58s 6m 44s 3m 49s 0.01078125hrs x 4 = 2m 36s

15 PP-9690-0542-01-A WK43 - 

TONIC PASSIVE

, 1 VPP DIG BOARD, DSI 15 WAY #596 07/11/22 - 03/11/22 7520 15s 416ms 53s 76ms 17s 582ms 0.002393hrs x 1 = 0m 12s

16 PP-9690-0552-03-A WK43 - 

TONIC TI DIGITAL

 & TONIC TI E + DIGITAL INTERFACE #589 02/11/22 - 27/10/22 404 2m 56s 6m 56s 3m 2s 0.00468519hrs x 9 = 2m 32

17 PP-5863-0550-01-A WK42 - 

PHC10-3 PLUS

, PHC10-3 PLUS UCC S3 #570 30/10/22 - 28/10/22 533 2m 56s 4m 10s 2m 58s 0.043417hrs x 1 = 2m 35s

18 PP-5707-0502-04-A WK42 - PSI200-3 STANDALONE, PSI200-3 INTEGATED #562 25/10/22 - 25/10/22 484 1m 7s 3m 8s 1m 11s 0.0143hrs x 1 =  0m 51s

19 PP-5863-0560-01-A WK42 - PHC10 PLUS, 

PHC10-PLUC USS 3 

#560 24/10/22 - 24/10/22 212 2m 13s 10m 59s 3m 26s 0.0284hrs x 1 = 1m 42s

20 PP-9511-0652-02-B WK44 - 

ERIS MK2 HALL,

 OSI-D #556 23/10/22 - 21/10/22 490 2m 15s 12m 7s 3m 7s 0.00206444hrs x 16 = 1m 59s

21 PP-5623-0642-03-A WK42 - 

UCC S3 PCB,

 UCC S3 PROVEOUT BATCHES #555 18/10/22 - 16/10/22 200 2m 37s 11m 43s 2m 45s 0.0641hrs x 6 = 2m 18s 

22 PP-5863-0550-01-A WK42 - 

PHC10-3 PLUS

, PHC10-3 PLUS UCC S3 #550 16/10/22 - 14/10/22 938 3m 3s 6m 1s 3m 23s 0.043417hrs x 1 = 2m 35s

23 PP-6516-0502-03-A WK42 - 

NCi-6 RIGID

, OUTPUT BUFFER BOARD #537 14/10/22 - 11/10/22 373 2m 16s  8m 54s 2m 25s 0.008185hrs x 4 = 1m 58s

24 PP-9770-0592-01-B WK40 - TSI-2, TSI-2C,

 MED RES

, FS RESOLUTE DRIVE CLIQ #530 10/10/22 - 10/10/22 470 1m 46s 4m 6s 2m 9s 0.002hrs x 12 = 1m 26s

25 PP-9690-0552-03-A WK39 - 

TONIC TI DIGITAL INTER,

 TONIC TI DUAL RES, TONICTI E# 512 09/10/22 - 07/10/22 126 2m 59s 6m 47 3m 23s 0.00468519hrs x 9 = 2m 32

26 PP-9653-0652-02-A WK36 - TSI3-S, TSI3-CS, 

TONIC READHEAD ALT LIMIT

, TSI-2, TONIC2V5 #504 03/10/22 - 02/10/22 395 3m 40s 6m 9s 3m 47s 0.0021148hrs x 24 = 3m 3s

27 PP-5656-0522-03-B WK36 - RMP40 SALAMANDER, 

455kHz MODULATE

 #501 30/09/22 - 28/09/22 405 3m 17s 5m 23s 3m 14s 0.04968 x 1 = 2m 59s

28 PP-5687-0560-09-A WK36 - 

RMI-Q BIG FPGA

, QC LASER INTERFACE #491 27/09/22 - 27/09/22 390 1m 58s 6m 19s 2m23s 0.006735 x 4 = 1m 37s 

29 PP-6711-0502-02-A WK36 - 

OMP40-2 FLEXI

, P-ML01-0228 ADDED #486 27/09/22 - 25/09/22 94 11m 56s 37m 19s 12m 24s 0.1586 x 1 = 9m 31s

30 PP-9653-0652-02-A WK36 - TSI3-S,TSI3-CS, 

TONIC READHEAD ALT LIMIT

, TSI-2, TONIC 2V5 #483 23/09/22 - 18/09/22 898 3m 37s 7m 58s 3m 49s 0.0021148hrs x 24 = 3m 3s

31 PP-9796-0512-01-A WK36 - VIONIC DIGITAL READHEAD,

 FS RESOLUTE DRIVE-CLIC

 #476 16/09/22 - 16/09/22 355 1m 36s 7m 57s 1m 59s 0.008hrs x 3 = 1m 26s

32 PP-5492-0702-01-A WK36 - PI200-3 STANDALONE, 

OSI-D

, OSI #466 12/09/22 - 11/09/22 223 2m 30s 7m 46s 2m 43s 0.008332hrs x 4 = 2m 0s

33 PP-5656-0522-03-B WK36 - RMP40 SALAMANDER, 

455kHz MODULATE

 #462 10/09/22 - 9/09/22 451 3m 34s 11m 23s 3m 52s 0.04968 x 1 = 2m 59s

34 PP-5687-0560-09-A WK36 - 

RMI-Q BIG FPGA

, QC LASER INTERFACE #460 8/09/22 - 7/09/22 476 2m 11s 6m 19s 2m 23s 0.0326586 x 1 = 1m 58s

35 PP-5707-0502-04-A WK35 - PSI200-3 STANDALONE, PSI200-3 INTEGATED #458 06/09/22 - 05/08/22 1983 1m 5s 9m 20s 1m 27s 0.0143hrs x 1 = 0m 51s

36 PP-5863-0560-01-A WK35 - 

PHC10-3 PLUS UCC S3

, PHC10-3 #456 02/08/22 - 30/08/22 1708 2m 7s 5m 26s 2m 14s 0.0284hrs x 1 = 1m 42s

37 PP-9541-0532-02-A WK35 - RGH20 B TOP, ADV DIAG TOOL, MED RES TONIC, 

RGH24 BASE ERIS 

#453 26/08/22 - 26/08/22 250 1m 23s 4m 8s 1m 32s 0.0013995hrs x 14 = 1m 10s

38 PP-5967-0502-02-A WK33 - TSI-2, DSI 15 WAY LOCAL #449 25/08/22 - 22/08/22 1052 2m 59s 4m 23s 3m 19s 0.01078125hrs x 4 = 2m 36s

39 PP-9541-0562-03-A WK34 - VIONiC READHEAD, QUANTIC READHEAD, 

RGH24 DXZ TOP

, INTERPOLATOR #444 19/08/22 - 19/08/22 420 1m 2s 2m 23s 1m 4s 0.0013hrs x 12 = 56s 16ms

40 PP-5707-0512-04-A WK33 - 

PI200-3 INTEGRATED

, RGH24 DXZ TOP BOARD #437 17/08/22 - 17/08/22 859 53s 597 3m 40s 58s 798ms 0.0139hrs x 1 =  0m 50s

41 PP-9690-0552-01-A WK33 - 

TONIC TI + E,

 RESOLUTE DRIVE-CLIQ PCB #434 17/08/22 - 16/08/22 1200 1m 4s 7m 20s 1m 12s 0.00565863hrs x 3 =  0m 56s

42 PP-9653-0652-02-A WK31 - 

TONIC READHEAD ALT

, RGH20 B TOP #420 12/08/22 - 09/08/22 550 3m 30s 7m 49s 3m 44s 0.0021148hrs x 24 = 3m 3s

43 PP-9541-0532-02-A WK31 - RGH34 HIGH, 

RGH24 BASE,

 RGH20 DXZ, TONIC TI #414 05/08/22 - 02/08/22 760 1m 27s 4m 38s 1m 35s 0.0013995hrs x 14 = 1m 10s

44 PP-5967-1512-03-A WK31 - TSI3-CB, 

TSI-3B

, TSI-2C, TSI-2 #405 01/08/22 - 01/08/22 210 3m 22s 6m 6s 3m 26s 0.01252365 x 4 = 3m 0s

45 PP-6712-0502-02-A WK30 - 

TETRIS HALL

, ACI INTERFACEGEMAC/IC HAUS CABLE #402 29/07/22 - 29/07/22 167 3m 49 6m 22s 4m 17s 0.001968hrs x 30 = 3m 30s 

46 PP-5623-0642-03-A WK30 - UCC T3-2, 

UCC S3

 #398 28/07/22 - 27/07/22 315 2m 41s 8m 48s 2m 48s 0.00641hrs x 6 = 2m 18s 

47 PP-9690-0560-02-B WK30 - 

TONIC 2V5

, Nci-6 RIGID PCB #396 27/07/22 - 27/07/22 2375 26s 729ms 6m 49s 281ms 0.00327891hrs x 2 = 23s 65ms 

48 PP-5500-0542-02-A WK30 - 

HIS PCB,

 HCU2 PCB ASSEMBLY #392 26/07/22 - 26/07/22 888 1m 27s 6m 15s 1m 31s 0.005465hrs x 4 = 1m 20s

49 PP-9653-0652-02-A WK29 - ATOM R5 CABLE WREG, 

TONiC READHEAD ALT

, MED RES TONIC #388 22/07/22 - 20/07/22 640 3m 33s 9m 15s 3m 42s 0.0021148hrs x 24 = 3m 3s

50 PP-5863-0550-01-A WK28 - PHC10-3 PLUS UCC S3, 

PHC10-3 PLUS PCB

 #383 19/07/22 - 15/07/22 817 2m 56s 3m 19s 2m 51s 0.043417hrs x 1 = 2m 35s

51 PP-5967-0512-02-A WK28 - 

TSI-2

, ACI INTERFACE IC/TSI3-CS #371 14/07/22 - 14/07/22 225 2m 59s 7m 30 3m 19s 0.01078125hrs x 4 = 2m 36s

52 PP-9796-0512-01-A WK26 - DSI MAIN, 

FS RESOLUTE DRIVE-CLIQ

 #337 02/07/14 - 01/07/22 727 1m 39s 7m 33s 2m 4s 0.008hrs x 3 = 1m 26s

53 PP-5707-0502-04-A WK26 - HOOK UP, RLD DI DIFFERENCE, 

PSI200-3 STANDALONE

 #333 30/06/22 - 28/06/22 1937 1m12s 5m14s 1m44s 0.0143hrs x 1 = 0m 51s

54 PP-9511-0652-02-B WK26 - TONIC PASSIVE/ 

ERIS MK2 HALL SENSOR

 - LINE DRIVER #320 27/06/22 - 26/06/22 645 2m 12s 8m 12s 3m 33s 0.00206444hrs x 16 = 1m 59s

55 PP-5500-0542-02-A WK25 - 

HIS PCB

/ MED RES TONIC/ DSI 15 WAY #305 25/06/22 - 23/06/22 1360 1m 35s 10m 23s 1m 49s 0.005465hrs x 4 = 1m 20s

56 PP-5967-0502-02-A WK24 - TSI-3B/

TSI-2

/TSI-3C/TSI-2C SMT #302 22/06/22 - 21/06/22 315 3m 9s 9m 20s 3m 28s 0.01078125hrs x 4 = 2m 36s

57 PP-9653-0575-01-A WK24 - RGH22V, RGH22 A,RGH22 DXZ, 

RGH20 BASE

, RGH22 PQR, INTERMEDIATE #293 20/06/22 - 16/06/22 2470 50s 840ms 4m 50s 57s 501ms 0.006438 x 2 = 46s 32ms

58 PP-9541-0532-02-A WK23 - 

RGH24 BASE ERIS

, QUANTIC ANALOGUE, TONIC 2V5 #282 16/06/22 - 14/06/22 285 1m 25 5m 1m 30 0.0013995hrs x 14 = 1m 10s

59 PP-9560-0602-04-A WK22 - ATOM R5 CABLED, 

RGH41 BASE SERVO

 #268 13/06/22 - 09/06/22 381 0 5m 40s 1m 17s 0.003hrs x 10 = 1m 6s

60 PP-9770-0592-01-B WK22 - 

MED RES TONIC

, MCUW BATTERY #248 07/06/22 - 07/06/22 233 1m 48s 3m 53s 2m4s 0.002hrs x 12 = 1m 26s

61 PP-9417-0520-02-A WK21 - 

QUANTIC DIGITAL,

 ANALOGUE, VIONIC DIGITAL PCB #245 07/06/22 - 06/06/22 1051 1m 2s 4m 19s 1m 51s 0.00367hrs x 4 = 0m 52s

62 PP-5707-0502-04-A WK21 - SP25 MAIN FLEXI RIGID, MP250 UPGRADE,

 PSI200-3 STANDALONE

 #224 03/06/22 - 01/06/22 1903 1m 2s 8m 7s 1m 35 0.0143hrs x 1 = 0m 51s
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Job Names

PP-5967-0502-02-A

PP-4113-1180-04-B PP-4113-1180-04-B

PP-5863-0550-01-A PP-5707-0502-04-A PP-5863-0542-02-A PP-5863-0550-01-A PP-5967-1752-03-A

PP-5500-0542-02-A 

PP-9653-0652-02-A PP-6516-0502-03-A PP-5863-0550-01-A PP-6195-0500-07-A PP-5967-0502-02-A PP-9690-0542-01-A PP-9690-0552-03-A PP-5863-0550-01-A PP-5707-0502-04-A PP-5863-0560-01-A

PP-9511-0652-02-B

PP-5623-0642-03-A PP-5863-0550-01-A PP-6516-0502-03-A

PP-9770-0592-01-B

PP-9690-0552-03-A PP-9653-0652-02-A

PP-5656-0522-03-B

PP-5687-0560-09-A

Total Boards ran  144 1645 2719 306 822 500 364 640 1114 650 190 432 276 328 7520 404 533 484 212 490 200 938 373 470 126 395 405 390

Passed  137 1563 2665 297 789 485 357 621 1054 572 175 376 254 298 6994 372 490 445 182 466 190 891 365 451 121 383 393 371

Failed  7 82 54 9 33 15 7 19 60 78 15 56 22 30 526 32 43 39 30 24 10 47 8 19 5 12 13 19

Miskin


image41.emf
PP-6711-0502-02-A PP-9653-0652-02-A PP-9796-0512-01-A PP-5492-0702-01-A

PP-5656-0522-03-B

PP-5687-0560-09-A PP-5707-0502-04-A PP-5863-0560-01-A PP-9541-0532-02-A PP-5967-0502-02-A PP-9541-0562-03-A PP-5707-0512-04-A PP-9690-0552-01-A PP-9653-0652-02-A PP-9541-0532-02-A PP-5967-1512-03-A PP-6712-0502-02-A PP-5623-0642-03-A

PP-9690-0560-02-B

PP-5500-0542-02-A PP-9653-0652-02-A PP-5863-0550-01-A PP-5967-0512-02-A PP-9796-0512-01-A PP-5707-0502-04-A

PP-9511-0652-02-B

PP-5500-0542-02-A PP-5967-0502-02-A PP-9653-0575-01-A PP-9541-0532-02-A PP-9560-0602-04-A

PP-9770-0592-01-B

PP-9417-0520-02-A PP-5707-0502-04-A

94 898 355 223 451 476 1983 1708 250 1052 420 859 1200 550 760 210 167 315 2375 888 640 817 225 727 1937 645 1360 315 2470 285 381 233 1051 1903

89 853 334 207 419 466 1824 1623 235 1020 391 809 1164 503 714 193 155 293 2201 835 605 805 222 713 1898 633 1340 309 2435 282 374 226 1033 1876

5 45 21 16 32 10 159 85 15 32 29 50 36 47 46 17 17 22 174 53 35 12 3 14 39 12 20 6 35 3 7 7 18 27
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Miskin  

Job Name  Number of  B oards  Availability   P ercentage  

PP - 5967 - 0502 - 02 - A  144  92.0%  

PP - 4113 - 1180 - 04 - B  1645  85.5%  

PP - 4113 - 1180 - 04 - B  2719  85.2%  

PP - 5863 - 0550 - 01 - A  306  92.5%  

PP - 5707 - 0502 - 04 - A  822  88.6%  

PP - 5863 - 0542 - 02 - A  500  87.2%  

PP - 5863 - 0550 - 01 - A  364  85.5%  

PP - 5967 - 1752 - 03 - A  640  88.6%  

PP - 5500 - 0542 - 02 - A  1114  91.8%  

PP - 9653 - 0652 - 02 - A  650  98.1%  

PP - 6516 - 0502 - 03 - A  190  93.9%  

PP - 5863 - 0550 - 01 - A  432  89.8%  

PP - 6195 - 0500 - 07 - A  276  93.4%  

PP - 5967 - 0502 - 02 - A  328  90.1%  

PP - 9690 - 0542 - 01 - A  7520  92.1%  

PP - 9690 - 0552 - 03 - A  404  87.0%  

PP - 5863 - 0550 - 01 - A  533  90.9%  

PP - 5707 - 0502 - 04 - A  484  85.8%  

PP - 5863 - 0560 - 01 - A  212  94.9%  

PP - 9511 - 0652 - 02 - B  490  91.9%  

PP - 5623 - 0642 - 03 - A  200  87.2%  

PP - 5863 - 0550 - 01 - A  938  85.0%  

PP - 6516 - 0502 - 03 - A  373  93.9%  

PP - 9770 - 0592 - 01 - B  470  95.4%  

PP - 9690 - 0552 - 03 - A  126  86.5%  

PP - 9653 - 0652 - 02 - A  395  92.8%  

PP - 5656 - 0522 - 03 - B  405  90.4%  

PP - 5687 - 0560 - 09 - A  390  92.9%  

PP - 6711 - 0502 - 02 - A  94  93.3%  

PP - 9653 - 0652 - 02 - A  898  92.8%  

PP - 9796 - 0512 - 01 - A  355  90.0%  

PP - 5492 - 0702 - 01 - A  223  88.5%  

PP - 5656 - 0522 - 03 - B  451  97.5%  

PP - 5687 - 0560 - 09 - A  476  88.8%  

PP - 5707 - 0502 - 04 - A  1983  91.8%  

PP - 5863 - 0560 - 01 - A  1708  95.6%  

PP - 9541 - 0532 - 02 - A  250  88.6%  

PP - 5967 - 0502 - 02 - A  1052  94.3%  

PP - 9541 - 0562 - 03 - A  420  90.4%  

PP - 5707 - 0512 - 04 - A  859  88.9%  

PP - 9690 - 0552 - 01 - A  1200  94.6%  

PP - 9653 - 0652 - 02 - A  550  92.9%  

PP - 9541 - 0532 - 02 - A  760  89.6%  

PP - 5967 - 1512 - 04 - A  210  88.9%  
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PP - 6712 - 0502 - 02 - A  167  90.4%  

PP - 5623 - 0642 - 03 - A  315  97.2%  

PP - 9690 - 0560 - 02 - B  2375  86.8%  

PP - 5500 - 0542 - 02 - A  888  87.6%  

PP - 9653 - 0652 - 02 - A  640  94.7%  

PP - 5863 - 0550 - 01 - A  817  94.5%  

PP - 5967 - 0512 - 02 - A  225  95.2%  

PP - 9796 - 0512 - 01 - A  727  90.9%  

PP - 5707 - 0502 - 04 - A  1937  95.7%  

PP - 9511 - 0652 - 02 - B  645  91.8%  

PP - 5500 - 0542 - 02 - A  1360  96.8%  

PP - 5967 - 0502 - 02 - A  315  91.8%  

PP - 9653 - 0575 - 01 - A  2470  92.0%  

PP - 9541 - 0532 - 02 - A  285  96.1%  

PP - 9560 - 0602 - 04 - A  381  95.4%  

PP - 9770 - 0592 - 01 - B  233  94.6%  

PP - 9417 - 0520 - 02 - A  1051  88.9%  

PP - 5707 - 0502 - 04 - A  1903  91.9%  

 


image44.emf
PP - 9690 - 0552 - 01 - A  1200  87%  

PP - 9653 - 0652 - 02 - A  550  87%  

PP - 9541 - 0532 - 02 - A  760  80%  

PP - 5967 - 1512 - 03 - A  210  89%  

PP - 6712 - 0502 - 02 - A  167  91%  

PP - 5623 - 0642 - 03 - A  315  85%  

PP - 9690 - 0560 - 02 - B  2375  92%  

PP - 5500 - 0542 - 02 - A  888  95%  

PP - 9653 - 0652 - 02 - A  640  85%  

PP - 5863 - 0550 - 01 - A  817  88%  

PP - 5967 - 0512 - 02 - A  225  87%  

PP - 9796 - 0512 - 01 - A  727  86%  

PP - 5707 - 0502 - 04 - A  1937  70%  

PP - 9511 - 0652 - 02 - B  645  90%  

PP - 5500 - 0542 - 02 - A  1360  84%  

PP - 5967 - 0502 - 02 - A  315  82%  

PP - 9653 - 0575 - 01 - A  2470  90%  

PP - 9541 - 0532 - 02 - A  285  82%  

PP - 9560 - 0602 - 04 - A  381  *INVALID*  

PP - 9770 - 0592 - 01 - B  233  81%  

PP - 9417 - 0520 - 02 - A  1051  83%  

PP - 5707 - 0502 - 04 - A  1903  82%  
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Miskin  

Job Names  Boards ran   Performance   Percentage   

PP - 5967 - 0502 - 02 - A  144  84%  

PP - 4113 - 1180 - 04 - B  1645  95%  

PP - 4113 - 1180 - 04 - B  2719  95%  

PP - 5863 - 0550 - 01 - A  306  83%  

PP - 5707 - 0502 - 04 - A  822  77%  

PP - 5863 - 0542 - 02 - A  500  87%  

PP - 5863 - 0550 - 01 - A  364  83%  

PP - 5967 - 1752 - 03 - A  640  89%  

PP - 5500 - 0542 - 02 - A  1114  89%  

PP - 9653 - 0652 - 02 - A  650  84%  

PP - 6516 - 0502 - 03 - A  190  85%  

PP - 5863 - 0550 - 01 - A  432  89%  

PP - 6195 - 0500 - 07 - A  276  87%  

PP - 5967 - 0502 - 02 - A  328  87%  

PP - 9690 - 0542 - 01 - A  7520  80%  

PP - 9690 - 0552 - 03 - A  404  86%  

PP - 5863 - 0550 - 01 - A  533  86%  

PP - 5707 - 0502 - 04 - A  484  76%  

PP - 5863 - 0560 - 01 - A  212  77%  

PP - 9511 - 0652 - 02 - B  490  88%  

PP - 5623 - 0642 - 03 - A  200  87%  

PP - 5863 - 0550 - 01 - A  938  84%  

PP - 6516 - 0502 - 03 - A  373  86%  

PP - 9770 - 0592 - 01 - B  470  81%  

PP - 9690 - 0552 - 03 - A  126  84%  

PP - 9653 - 0652 - 02 - A  395  83%  

PP - 5656 - 0522 - 03 - B  405  90%  

PP - 5687 - 0560 - 09 - A  390  82%  

PP - 6711 - 0502 - 02 - A  94  79%  

PP - 9653 - 0652 - 02 - A  898  84%  

PP - 9796 - 0512 - 01 - A  355  89%  

PP - 5492 - 0702 - 01 - A  223  80%  

PP - 5656 - 0522 - 03 - B  451  79%  

PP - 5687 - 0560 - 09 - A  476  90%  

PP - 5707 - 0502 - 04 - A  1983  78%  

PP - 5863 - 0560 - 01 - A  1708  80%  

PP - 9541 - 0532 - 02 - A  250  84%  

PP - 5967 - 0502 - 02 - A  1052  87%  

PP - 9541 - 0562 - 03 - A  420  90%  

PP - 5707 - 0512 - 04 - A  859  92%  
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Miskin  

Job Name  Boards Tested  Pass Percentage rate   

PP - 5967 - 0502 - 02 - A  144  95.00%  

PP - 4113 - 1180 - 04 - B  1645  95.00%  

PP - 4113 - 1180 - 04 - B  2719  98.00%  

PP - 5863 - 0550 - 01 - A  306  97.00%  

PP - 5707 - 0502 - 04 - A  822  96.00%  

PP - 5863 - 0542 - 02 - A  500  97.00%  

PP - 5863 - 0550 - 01 - A  364  98.00%  

PP - 5967 - 1752 - 03 - A  640  97.00%  

PP - 5500 - 0542 - 02 - A  1114  94.60%  

PP - 9653 - 0652 - 02 - A  650  88.00%  

PP - 6516 - 0502 - 03 - A  190  92.00%  

PP - 5863 - 0550 - 01 - A  432  87.00%  

PP - 6195 - 0500 - 07 - A  276  92.00%  

PP - 5967 - 0502 - 02 - A  328  91.00%  

PP - 9690 - 0542 - 01 - A  7520  93.00%  

PP - 9690 - 0552 - 03 - A  404  92.00%  

PP - 5863 - 0550 - 01 - A  533  92.00%  

PP - 5707 - 0502 - 04 - A  484  92.00%  

PP - 5863 - 0560 - 01 - A  212  86.00%  

PP - 9511 - 0652 - 02 - B  490  95.00%  

PP - 5623 - 0642 - 03 - A  200  95.00%  

PP - 5863 - 0550 - 01 - A  938  95.00%  

PP - 6516 - 0502 - 03 - A  373  97.80%  

PP - 9770 - 0592 - 01 - B  470  96.00%  

PP - 9690 - 0552 - 03 - A  126  96.00%  

PP - 9653 - 0652 - 02 - A  395  97.00%  

PP - 5656 - 0522 - 03 - B  405  96.70%  

PP - 5687 - 0560 - 09 - A  390  95.00%  

PP - 6711 - 0502 - 02 - A  94  95.00%  

PP - 9653 - 0652 - 02 - A  898  95.00%  

PP - 9796 - 0512 - 01 - A  355  94.00%  

PP - 5492 - 0702 - 01 - A  223  93.00%  

PP - 5656 - 0522 - 03 - B  451  93.00%  

PP - 5687 - 0560 - 09 - A  476  97.60%  

PP - 5707 - 0502 - 04 - A  1983  92.00%  

PP - 5863 - 0560 - 01 - A  1708  95.00%  

PP - 9541 - 0532 - 02 - A  250  94.00%  

PP - 5967 - 0502 - 02 - A  1052  97.00%  
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PP - 9541 - 0562 - 03 - A  420  93.20%  

PP - 5707 - 0512 - 04 - A  859  94.20%  

PP - 9690 - 0552 - 01 - A  1200  97.00%  

PP - 9653 - 0652 - 02 - A  550  91.50%  

PP - 9541 - 0532 - 02 - A  760  94.00%  

PP - 5967 - 1512 - 04 - A  210  92.00%  

PP - 6712 - 0502 - 02 - A  167  93.00%  

PP - 5623 - 0642 - 03 - A  315  93.00%  

PP - 9690 - 0560 - 02 - B  2375  93.50%  

PP - 5500 - 0542 - 02 - A  888  94.00%  

PP - 9653 - 0652 - 02 - A  640  94.60%  

PP - 5863 - 0550 - 01 - A  817  98.20%  

PP - 5967 - 0512 - 02 - A  225  98.50%  

PP - 9796 - 0512 - 01 - A  727  98.50%  

PP - 5707 - 0502 - 04 - A  1937  98.00%  

PP - 9511 - 0652 - 02 - B  645  98.10%  

PP - 5500 - 0542 - 02 - A  1360  98.50%  

PP - 5967 - 0502 - 02 - A  315  98.20%  

PP - 9653 - 0575 - 01 - A  2470  98.60%  

PP - 9541 - 0532 - 02 - A  285  98.80%  

PP - 9560 - 0602 - 04 - A  381  98.10%  

PP - 9770 - 0592 - 01 - B  233  97.20%  

PP - 9417 - 0520 - 02 - A  1051  98.30%  

PP - 5707 - 0502 - 04 - A  1903  98.60%  
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Job Name  OEE value  

PP - 5967 - 0502 - 02 - A  73.40%  

PP - 4113 - 1180 - 04 - B  76.70%  

PP - 4113 - 1180 - 04 - B  79.30%  

PP - 5863 - 0550 - 01 - A  74.40%  

PP - 5707 - 0502 - 04 - A  65.40%  

PP - 5863 - 0542 - 02 - A  73.50%  

PP - 5863 - 0550 - 01 - A  72.80%  

PP - 5967 - 1752 - 03 - A  76.40%  

PP - 5500 - 0542 - 02 - A  76.70%  

PP - 9653 - 0652 - 02 - A  72.50%  

PP - 6516 - 0502 - 03 - A  73.40%  

PP - 5863 - 0550 - 01 - A  69.50%  

PP - 6195 - 0500 - 07 - A  74.70%  

PP - 5967 - 0502 - 02 - A  71.30%  

PP - 9690 - 0542 - 01 - A  68.50%  

PP - 9690 - 0552 - 03 - A  68.80%  

PP - 5863 - 0550 - 01 - A  71.90%  

PP - 5707 - 0502 - 04 - A  59.90%  

PP - 5863 - 0560 - 01 - A  62.80%  

PP - 9511 - 0652 - 02 - B  76.80%  

PP - 5623 - 0642 - 03 - A  72.00%  

PP - 5863 - 0550 - 01 - A  67.80%  

PP - 6516 - 0502 - 03 - A  76.70%  

PP - 9770 - 0592 - 01 - B  74.10%  

PP - 9690 - 0552 - 03 - A  69.70%  

PP - 9653 - 0652 - 02 - A  74.70%  

PP - 5656 - 0522 - 03 - B  78.60%  

PP - 5687 - 0560 - 09 - A  72.30%  

PP - 6711 - 0502 - 02 - A  70.00%  

PP - 9653 - 0652 - 02 - A  74.00%  

PP - 9796 - 0512 - 01 - A  75.20%  

PP - 5492 - 0702 - 01 - A  65.80%  

PP - 5656 - 0522 - 03 - B  71.60%  

PP - 5687 - 0560 - 09 - A  78.00%  

PP - 5707 - 0502 - 04 - A  65.80%  

PP - 5863 - 0560 - 01 - A  72.60%  

PP - 9541 - 0532 - 02 - A  69.90%  

PP - 5967 - 0502 - 02 - A  79.50%  

PP - 9541 - 0562 - 03 - A  75.80%  

PP - 5707 - 0512 - 04 - A  77.00%  

PP - 9690 - 0552 - 01 - A  79.80%  

PP - 9653 - 0652 - 02 - A  73.90%  

PP - 9541 - 0532 - 02 - A  67.30%  

PP - 5967 - 1512 - 03 - A  72.70%  

PP - 6712 - 0502 - 02 - A  76.50%  

PP - 5623 - 0642 - 03 - A  76.80%  

PP - 9690 - 0560 - 02 - B  74.60%  
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PP - 5500 - 0542 - 02 - A  78.20%  

PP - 9653 - 0652 - 02 - A  76.10%  

PP - 5863 - 0550 - 01 - A  81.60%  

PP - 5967 - 0512 - 02 - A  81.50%  

PP - 9796 - 0512 - 01 - A  77.00%  

PP - 5707 - 0502 - 04 - A  65.60%  

PP - 9511 - 0652 - 02 - B  81.00%  

PP - 5500 - 0542 - 02 - A  79.70%  

PP - 5967 - 0502 - 02 - A  73.90%  

PP - 9653 - 0575 - 01 - A  81.60%  

PP - 9541 - 0532 - 02 - A  77.80%  

PP - 9560 - 0602 - 04 - A  *INVALID*  

PP - 9770 - 0592 - 01 - B  74.40%  

PP - 9417 - 0520 - 02 - A  72.50%  

PP - 5707 - 0502 - 04 - A  74.30%  
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Job Frequency   

List  Job  Frequency  

1  TSI - 2  5  

2  TSI - 3B/C  2  

3  TONiC 2V5  1  

4  PHC10 - 3 INTEGRATED  1  

5  UCC S3  2  

6  HIS  4  

7  OSI - D  1  

8  VIONIC DIGITAL READHEAD  1  

9  NCi - 6 RIGID  2  

10  TONiC PASSIVE  1  

11  TONIC TI DIGITAL  2  

12  TONiC TI + E  1  

13  TONIC READHEAD ALT LIMIT  5  

14  FS RESOLUTE DRIVE CLIQ  2  

15  ERIS MK2 HALL  2  

16  MED  RES TONiC  2  

17  PI200 - 3 Standalone  4  

18  RGH24 BASE ERIS  3  

19  QUANTIC DIGITAL  1  

20  RGH24 DXZ TOP  1  

21    TETRIS HALL  1  

22  PHC10 - 3 Plus  6  

23    RGH41 BASE SERVO  1  

24  455kHz MODULATED  2  

25  RMP40 FLEXI RIGID  2  

26  RMI - Q BIG FPGA  2  

27  PHC10 - 3  PLUS UCC  2  

28  OMP40 - 2 FLEXI  1  

29  RGH20 BASE  1  
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Fishbone diagram

Enviroment Equipment Method

Factory power cut to any and all equipment  No structure or management can lead the team to 

using electicity   be unenthusiastic and preform innofficently  

Power supply Machine breakdown and waiting on spare parts  Poor management 

Water in compressed air supply 

put stop to line  Incorrect control of spare parts (safety stock)

Air Supply Poor maintenance 

Weather conditions above utility capacity  Set up incorrectly to its requirement  Incorrect maintenance carried out (Lack of trianing 

through supplier )

Factory tempreture  kitters rushing or reading the wrong paper work   Incorrect Setup of machine

Lack of maintenance  Lack of maintenance  Not taking into consideration how the setup

is affecting the machines preformance. 

Waiting on other inline breakdowns Bad schedualing/planning of maintenance  Company system not working on new server 

Congestion of boards at the end of the line  Not enough feeders 

(Magazines full of boards) prevent anymore boards  Waiting on Downstream machine Updates can cause softwares and job fines  Did not calculate the back log 

sent down the line  High number of feeders are out of service or due to high  to be currupted and therefore need to be 

component set up leave shortage of feeders reinstalled for new updates 

Waiting on Upstream machine No Available Cart Incorrect material list 

Machines underpreforming pre SX2 

Carts out of service under maintenacne provision 

Waiting on more boards to be send from supplier stalling  High scrap due to spit out/ incorrect components for job or miscount for number of jobs   Leaves skill gaps in process and therefore SX2 is 

the lines productivity  expected to receive less attention  Shortage of operators 

shortage of boards 

Incorrect training, lack of correct storage or damaged on transit  Supply chain issues  Incorrect number of component 

Mistakes will be made running the SX2  Inexperience or incorrectly trained 

line that will cause downtime 

Components stored could have been damaged 

Lack of Production records  Not available (busy doing other things) in the process

Poor data collection techniques resulting in  

badly organised or lack of records Line may stop for 

a few minutes  Toilet breaks 

Global Supply shortage  Poor output targets Shortage of staff or made team management 

Due to a lack of data collection a baseline is non- Human error (load incorrect components, programs or nozzles)

existent and therefore no targets can be 

Shortage of Components due to global shortage  generated. 

Lack of knowledge/ training or mistakes when rushing  

Pandemic or economic cricise  

Materials Measures People

Poor 

Performance 

Percentage

Problem 

Statement 
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€ system\ 5796\ PP-736-0502-07-A PCE 2693284 System\SICluster\WK10 - RESOLUTE FS READHEAD\ PP-8796-0502-07-A PCB_Bottom#2  System\SICluster\WK10 - RESOLUTE FS READHEAD _ System\ SICluster\WKI0 - RESOLUTE FS READHEAD _ Bottom Right conveyor ane
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Gategory Time Notfcaton Message A
A\ IntegriyCheck  45006PM  The contour of the nozzle type '574 PP 4h-Run’ has not been defined.
A\ IntegriyCheck 45006 PM  VTM: Component System\P-CN10-003' or the associted component shape contains feeders with very dfferent packaging tolerances.
@ integriyCheck  45007PM The recipe data was successfully reoptimize
@ integrityCheck  45013PM Multiple messages were issued during the integrity check Use the *Optimization Messages” dialog box to see all the messages.
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A\ integrityCheck  81320AM  _ System With CLD shoulg be activated in *System\SiCluster\#\WK10 - MI8-4, MED RES TONIC#908'!
A\ IntegriyCheck  81305AM  The contour of the nozzle type '574 PP 4h-Run’ has not been defined.
@ integriy Check  81305AM  The recipe data was successfully reoptimize
@ integrityCheck  81320AM  Multiple messages were issued during the integrity check Use the "Optimization Messages” dialog bor to see all the messages.
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