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This report critically assesses a project completed at SAFRAN Seats GB, verifying whether it conformed to established industry standards in Engineering Design Processes, Change Management, Project Management and SWOT analysis.

The report concludes that the project did follow the Engineering Design Process for the manufacture of a new design jig. The jig itself scored 96% conformity back to the original Product Design Specification, however, it was identified that the PDS was flawed, missing key requirements that required rework due to their omission. It was recommended to develop a PDS template to avoid this issue in future projects.

The review identified the following issues: 
· Gaps in the Change Management approach, where Stakeholder Analysis and a Communication Plan had not been created. 
· The Gantt chart used for the project was too basic to be able to accurately monitor the stages of the project, lacking any identification of whom the activities are assigned to, Milestones and Gate Reviews.
· The SWOT analysis used to assess the competency of the Project Manager was flawed as it did not identify any of the issues highlighted in the rest of the report. It is recommended to complete the SWOT with an independent expert in the field to provide a more realistic assessment of the Project Manager’s performance.
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Safran produces first and business class suites and cabins for a variety of different aircraft. During installation of a first shipset of Optima Suites for a Boeing B767 aircraft, the suites failed a test designed to ensure that the minimum aisle width between adjacent suites was not exceeded. This dimension is a safety critical dimension in the certification of the aircraft as airworthy as the aisle width minimum dimension is necessary to ensure that the passengers can egress from the aircraft safely during an emergency. 

As Figure 1 shows, the minimum aisle width above 25” from the aircraft floor is 20.25”.  

Figure 1
Although it was not possible to conform this dimension directly at Safran as there is no capacity to adequately correctly space two suites adjacent to each other, each suite had measurements taken from the design datum to the furthest aisle side point, Figure 2. This should have ensured that any deviation beyond the design limits was detected and that no two adjacent suites that were within tolerance limits could create a condition where the aisle widths were out of tolerance.

[image: ]
Figure 2
Efforts to ensure that the suites on the aircraft were conforming were completed onsite at Boeing. This left two avenues of Root Cause Corrective Action for investigation:
· What caused the suites to be non-conforming when installed?
· How did the dimensional analysis of the suites not detect the violation?
The first project was addressed by the Design team in collaboration with the Supplier Quality team. This report focuses on the second project, which was assigned to the Quality department in collaboration with the Manufacturing Engineering department.
A jig was designed and manufactured to aid dimensional analysis of the suites. The effectiveness of the jig and the way the project was managed will be discussed in detail. Project’s weaknesses were identified to avoid them in the future. 
The completed jig was measured back against the Product Design Specification (PDS) to check its conformity. The Project Manager’s performance was assessed using SWOT Analysis, supported by a Continuing Professional Development (CPD) plan.
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[bookmark: _Toc71835797]4.1 Engineering Design Process (EDP)

Within the engineering field, a variety of models based on modular process flow have been implemented to ensure the successful completion of a project. A literature review of EDPs identified five recurrent steps: Analysis, Definition, Design, Finalisation & Implementation (Bobbe, Krzywinski and Woelfel, 2016) (Table 1). The same steps were also reported in a publication discussing tools used in design engineering (Santolaya, Biedermann and Serrano, 2018).
	Phase
	Description

	Analysis
	Understanding of the problem 

	Definition
	Setting the parameters for the design

	Design
	Actual completion of a design in accordance with the define phase parameters

	Finalisation
	Review design against define parameters and authorise manufacture

	Implementation
	Manufacture design, complete conformity checks and create documentation


Table 1
For more complex projects, a v-model verification may be required if multiple component parts or inputs to the project come from multiple departments (Elmaraghy et al., 2012). 

[bookmark: _Toc71835798]4.2 Change Management

In 1946, Kurt Lewin first popularised change management as a means of ensuring successful outcomes of transitional phases within an entity. However, multiple additional models have since been developed. These new frameworks seek to either further dissect change management into smaller sections of work, or apply it to different aspects associated with the change (Rosenbaum, More and Steane, 2018).
Table 2 shows some of the change management models that have been developed so far. These models can be grouped into three main categories, based on their focus. These categories are discussed in the following sections.
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Table 2
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There are two predominant methods of assessing the suitability of a proposed change: Lewin’s Force Field Analysis (Swanson and Creed, 2014) and Beckhard and Harris’ Change Formula (Cameron and Green, 2019). The former is an easy to understand and dynamic change management tool. It applies weights (which can be updated) to each parameter it takes into consideration. These parameters are combined creating a final score which estimates the likelihood of change success (Swanson and Creed, 2014). 
Beckhard and Harris’ Change Formula (Cameron and Green, 2019) uses an equation for identifying weaknesses in the change management plan. It requires each component of the formula to be clearly defined and understood (Rosenbaum, More and Steane, 2018). This approach provided a shift in thinking towards a quantifiable measurement of change success.
SWOT analysis provides a useful insight into the current performance of a business, as well as identifying external factors that can impact on its ability to function. SWOT has some limitations as it is not a complete tool for strategic planning due to its inability to compare different project approaches (Vlados, 2019). 
Regardless of the method chosen, a pre-change assessment is necessary in change management to identify risks that could negatively affect the project’s successfulness.
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Modular Process Flows models are useful in helping to map out a complex project and breakdown large projects into smaller and interlinked phases of work, using tools such as Gantt Charts (Ballesteros-Pérez, Larsen and González-Cruz, 2018).
Lewin’s Three Step Model is the oldest and most influential theory in change management. Its underlying principles are the foundation of all change management models since (Rosenbaum, More and Steane, 2018). This model should not be considered just as a simple three-step process, otherwise it would lose its potency. Instead, it should be employed as a method to identify the distinct areas that must be considered to achieve the change objectives (Rosenbaum, More and Steane, 2018; Cameron and Green, 2019).
Bullock and Batten’s approach describes the change management process as four steps, adding an ‘Exploration’ element that Lewin’s three-step model does not include (unless it is used in conjunction with Force Field Analysis). This approach can work for simpler changes, however, it ignores resistance to change and the integration between sub-departments within a business (Cameron and Green, 2019).
Kotter’s Eight Step Model seeks to further breakdown the change process, with a stronger focus on the initial part of change activities rather than their post-change consolidation (Cameron and Green, 2019). Few studies exist that validate the model throughout all eight steps, making it difficult to evaluate its effectiveness (Appelbaum et al., 2012).
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Kubler-Ross’ Change curve was initially designed as a map of how a person deals with grief after a loss (Corr, 2015). It has also been applied to managing people through business change. This model has received criticism as it is not generally believed that all people experience loss the same way: e.g. some people might experience the change/grief curve stages in different sequences or just a few of the stages (Corr, 2015). 
Bridges’ Transitional Model closely relates to Lewin’s Three Step Model. It seeks to mentally prepare people for exiting one phase of the project and entering the next. Although this model is useful for changes that must take place, it does not support demand for change that comes from within the organisation (Cameron and Green, 2019).
The ADKAR model is a useful tool for supporting employees through change. Its main strength is being a holistic embedding technique for introducing new employees into a business (Karambelkar and Bhattacharya, 2017).

[bookmark: _Toc71835802]4.3 Project Management

In project management it is pivotal to keep under control cost, time and adherence to the scope of the project (Kumar, 2005). The main tool a Project Manager uses to help control these parameters is a Gantt chart (Geraldi and Lechter, 2012). When compiled with gate reviews, the Gantt becomes a tool to set and monitor SMART objectives, to aid the team in setting realistic and achievable goals (Bjerke and Renger, 2017). The Gantt chart should also have a means of communicating the progress of each stage, ideally as a percentage, as well as identifying the interdependency between the tasks (Kumar, 2005).

Although the Gantt chart has been the standard project management tool for a long time, modern thinking states that Gantt charts are too static and require constant updating with reliable information to be effective (Sommer et al., 2015). Agile methodology considers that static tools are replaced with more dynamic tools, such as a ‘burn down chart’ or ‘scrum board’ (Sommer et al., 2015).

[bookmark: _Toc71835803]4.4 SWOT

Continuing Professional Development (CPD) is a key part of senior roles within engineering organisations. CPD is a mandatory requirement for registration as a Chartered Quality Engineer with the Chartered Quality Institute (CPD guidance for members | CQI | IRCA, 2021). A review mechanism is required to help identify what elements require improving and how to achieve improvement. 
One such tool used for strategic planning brainstorming is a SWOT, which identifies strengths, weaknesses, opportunities and threats of the topic under study (Phadermrod, Crowder and Wills, 2019). Although the SWOT tool can provide useful insights to the performance of the entity, it provides potential performance objectives only. It lacks the ability to drive the development forward, with success depending upon the entities’ strategic capabilities (Vlados, 2019). Therefore, the SWOT analysis should only be used as a gateway tool to feed objectives into a progressive action tool, such as a Personal Development Plan (Lejeune, Beausaert and Raemdonck, 2021).
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Three main criteria were used to assess the project:
· The project was assessed based on its conformance to EDP principles to ascertain whether it fulfilled all stages and whether this had an impact on the probability of its success. The project was broken down into elements that matched as closely as possible the stages identified in the literature review, Analyse, Define, Design, Finalise and Implement. The tools used for each stage and their effectiveness were also evaluated.

· A project management perspective was used to verify whether the project was controlled to a suitable standard in accordance with the three core principles identified in the literature review: time, cost, and adherence to scope. Project management control tools were used, such as Gantt Charts, to meet the goal.

· The management of the project was also compared against the three key categories of Change Management identified above (‘Pre-change success likelihood predictor’, ‘Modular process flow’ and ‘People Management’) and whether they were carried out to a satisfactory level.
Finally, the SWOT analysis used to assess the competency of the Project Manager was examined to determine the correct use of the tool and how any deviation away from the three main criteria were addressed.
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[bookmark: _Toc71835806]6.1 Engineering Design Process Review

[bookmark: _Toc71835807]6.1.1 Overview

Although the project was not specifically implemented with the EDP in mind, it still managed to encompass tools and phases that can be justifiably aligned with the EDP. The breakdown of the EDP and the tools used within the project are shown in Table 3.

[image: ]
Table 3
[bookmark: _Toc71835808]6.1.2 Analyse

The analysis phase utilised the tools effectively to enable a successful conclusion of this stage. The pre-project launch ‘6-pack’, Figure 3, allowed the problem statement to be clearly shared with the Engineering Team, as well as stating the time requirements for the project. This drove the ‘Ishikawa’, Figure 4 and ‘Top 3, 5 Why’, Figure 5, analysis leading to the identification of the three most likely causes of the missed out of tolerance measurements. 
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Figure 3
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Figure 4
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Figure 5

With the completion of the first ‘kick off’ meeting and subsequent overview meeting, the project identified three potential issues requiring further investigation. These included: 
· An assessment of the current process for dimensioning product (variation in the pallet manufacture)
· The requirement for a work instruction once the solution was identified
· A training plan for the QA Technicians carrying out the dimensional analysis on the product

The review of the current process (Appendix A – Aura Dimensional Analysis) reinforced these as the most likely issues. With the stages confirmed, possible solutions were suggested and vetted to choose the most effective method to fix the root cause. The investigation is shown in Appendix B – Proposed Solutions, and the Feasibility Studies for each project as 
Appendix C, D and E, respectively. The final solution chosen was to design a new dimensional analysis jig.

[bookmark: _Toc71835809]6.1.3 Define

Review Current Jigs

The define phase looked at previous jig designs within SAFRAN that shared the purpose of supporting a completed suite, albeit for different purposes, to guide the design parameters. Key points were identified for consideration on both what the new jig design should include as well as clarifying what the new jig should avoid. One of the jigs reviewed was the Aura Foot Fitting Setting Jig (Figure 6).
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Figure 6
The review identified several issues, as demonstrated in Appendix F – Aura Foot Fitting Jig Review. The main concern was that MDF would be unsuitable for the jig due to localised swelling caused by moisture absorption.
The project also examined the Static Load test jig. The key points taken from this jig type was that: 
· iIt should be easily adjustable 
· It should not require significant levelling operations and conformity checks to ensure that flatness was maintained prior to testing 
· The unit interface parts should be standardised to prevent the requirement for specialist replacement parts
The final jig was the Customer Presentation Jig. This comprised of a network of extrusions, held together with screw in brackets. The design was highly customisable. although time consuming to assemble and conform. The key points considered were: 
· The jig should be adjustable for uneven floors 
· Key positions for securing the tracks should be machined for tighter tolerances
· The jig should be able to be moved easily 
· The jig should not require extensive setup/conformity activities

Material Considerations

A primary source of data to drive the design to ensure the product would conform to tolerancing specifications was the review of available materials. Reviews were carried out to determine the most suitable materials for the top plate and frame, tracks, blocks and feet. For the top plate, MDF was ruled out due to localised swelling at moisture ingress points (Figure 7).
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 Figure 7

Aluminium was chosen as one of the lightest options at 2700 kg/m3, for both the plate and the frame. The weight was an important factor as it ensured that no specialist lifting equipment was required to move the jig around the factory, should the business needs dictate. 

Feet

The feet review was safety-critical as the feet chosen had to be able to support the maximum weight of the heaviest suite from both projects, the weight of the frame and top plate, as well as the weight of four people installing the unit. 
Total Load = Plate Weight + Frame Weight + Max Furniture Weight + 4 People
T = 208.43 + 58.97 + 184.61 + 508
T = 960.01 Kg
As the load will be distributed across 12 feet, each foot had to be capable of supporting a minimum of 80 Kg. Any foot with a rating lower than this was discarded.
The feet were also required to be adjustable to counter uneven flooring. These feet comprised of a hardened base disk on the floor and an upward protruding thread (Figure 8).
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Figure 8
Tracks

Figure 9 shows an example of the B767 track to be used.

[image: ]
Figure 9
The profile across the tabs was 45.6mm, however, the tabs on the outside of the track were not load-bearing, Figure 10. Each tab was 5.3mm, meaning a net reduction of 10.6mm in width per track if the tabs were milled off, reducing the chance of a clash once the B787 tracks and blocks were aligned next to the B767 track.
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Figure 10

The design of the B787 aircraft track and the suites Safran manufacture means that an additional adapter block was required to fix the units to the jig. The drawing for these blocks already existed (Figure 11).

[image: ]
Figure 11
The material review also identified that there could be an issue in using both the B767 tracks and the B787 track/block combination due to the differing heights of the build for both projects (Figure 12).
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Figure 12
The Author identified that by removing the B787 track and attaching the blocks directly into the jig, the height issue was nullified (Figure 13) and there would also be a significant cost saving as the specialist £50 a piece ‘e-nut’ design (Figure 14) could be replaced with a standard lineside bolt.
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Figure 13
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Figure 14

Interrogation of the 3D model for the suites identified that the unit had touch pads which sat at the same height as the top of the seat tracks (Figure 15).
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Figure 15
The unit on the 3D PDF model was inverted to see the position of these parts (Figure 16).
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Figure 16
The height of the blocks and the foot fittings were compared to confirm the jig would not create a clash condition with the touch pads (Figures 17-18).
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Figure 17
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Figure 18

Characteristic Selection Matrix

To consolidate the material research, Characteristic Selection Matrices (CSM) (Appendix G) were created to identify the best materials for the task. The CSM for the Foot Fittings identified that option 2 was the best performing. However, option 1 was chosen as a trade-off between performance and cost. The CSM for the top plate and frame indicated that Aluminium was the most suitable material as a balance of strength, weight and cost performances.
Once the requirements for the jig and the materials to be used were known, the final design specification was prepared as a BS7373-1:2001 compliant Product Design Specification (PDS) (Appendix H). Whilst conforming to the structure of BS7373-1:2001, it missed several key features. These were:
1 – Incorrect measurement system (Metric/Imperial)
2 – Missed the datum specification for the drawings
Both missed details led to issues later in the project. The conformity drawings were modified manually to correct for the oversight before the measurements could be taken. Although it would have usually been corrected during the engineering conformity drawing review, this step did not take place due to the furloughing of the Engineering Team. To prevent such issues in the future, a PDS template with key consideration points should be developed and implemented to ensure characteristics such as those missed are asked to the Team as standard.

[bookmark: _Toc71835810]6.1.4 Design

Final Drawings

With the PDS submitted to the Manufacturing Engineers, the final drawings for the jig were created and reviewed, ready for submission to Safran’s preferred jig supplier (DKP Engineering Ltd). The Team reviewed the drawings created by the Manufacturing Engineer and approved them for use. The final drawings are shown in Appendix I.


Costs

Once the drawings were complete, the costs were calculated for the jig. This considered the costs of all the materials, parts, labour and delivery (Table 4). Once the costs were established with the manufacturer, the Purchase Order was raised. The budget set for the project was £15,000.
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Table 4
Floorplan

A scale floorplan was created to prepare the area for the jig. Full access around the jig with the FARO Arm was required, as well as allocating space for a potential additional future jig for other projects (Figure 19).
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Figure 19
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Failure Mode Effect Analysis (FMEA)

To finalise and ratify the design, an FMEA (Appendix J – FMEA) was held with the supplier to understand any issues or concerns related to the jig manufacture completion using the drawings provided. 
The FMEA identified a few issues requiring a mitigation plan. The plan included jig widening for touch pad supports to be added underneath the unit. This change improved the Risk Priority Number (RPN) parameter, which dropped from 1000 to 10. Completing the FMEA prior to starting manufacture captured the issue and allowed the drawing to be amended.
Pre-use checks for the cleaning of blocks and FARO Arm probe calibration checks as standard also led to a reduced RPN number for each of the parameters.

Work Breakdown Structure

A Work Breakdown Structure (Appendix K – Work Breakdown Structure) was created for the final stages of the jig manufacture, installation and conformity. This allowed each member of the project Team to understand their roles and responsibilities for the completion of the project, as well as allowing the required people and resources to be confirmed prior to accepting delivery of the jig from the supplier. 

[bookmark: _Toc71835812]6.1.6 Implementation

Assembly

With the FMEA complete and the drawings updated, the supplier manufactured the jig. Prior to acceptance delivery, a site visit was carried out to assess the jig and complete initial flatness testing (Figure 20). 
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Figure 20
Initial testing of the jig discovered that the plate was being distorted by the frame and the jig would not be within tolerance. To mitigate this, the drawing was updated (Figures 21-22) to add additional grub screw points in between the plate to frame fixing points to push the plate away from the frame, allowing the plate to retain its unloaded flatness profile. 
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Figure 21
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Figure 22
The modification was carried out by the supplier. Once the modification had passed a retest, the jig was delivered to SAFRAN. Once the jig was positioned according to the floorplan, its final assembly was completed by adding the tracks, blocks and levelling the jig (see installation images in Appendix L – Installation).

Conformity

Once assembly was complete, the jig required a conformity check to ensure that it was within the customer specification. The Engineering Team had drawn up a conformity drawing to allow the positions from the centre of the tracks/blocks to be measured, rather than just the hole positioning of the top plate. The drawings were completed prior to the impact of Covid-19 on the business and the furloughing of a large percentage of the onsite staff. This included all the Engineering Team members of the project. As such, the conformity drawing review stage was not completed and the draft revision drawings had to be used, creating a number of issues.
The dimensions provided were given in metric, however, as the product is for Boeing, the specifications and tolerances were provided in imperial measurements. This meant that the drawings had to be manually adjusted for each measurement, converting from metric to imperial (Figures 23-26).
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Figure 23
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Figure 24
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Figure 25
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Figure 26
For the B767 track positions, the spacing was given for each track in relation to track 1. Although the D6 did specify a track-to-track tolerance of ±0.06”, this was under the condition that each individual track was ±0.03” from a common datum point, (i.e., the central lifting eyes). With the drawings as they were, it was possible for the track-to-track spacing of ±0.06” to be achieved if both the tracks were outside the ±0.03” tolerance (i.e., if both tracks were -0.05”, they would pass the track-to-track dimension as on nominal, but place the unit -0.02” outside of the tolerance and into the aircraft aisle). As a correction, the track positions were recalculated as a distance from the central machining datum and a ±0.03” tolerance applied, as required by the Boeing D6 document (Figures 27-28).
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Figure 27
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Figure 28
Once the drawings had been corrected, the points to be taken were identified (Figures 29-30) and the FARO programme written.
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Figure 29
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Figure 30
Before carrying out the conformity checks, the FARO Arm probe calibration was reviewed in line with the FMEA. It was identified that the Probe calibration period had passed, and a new calibration was required (Appendix M – FARO Arm Probe Calibration).
As the measurements were taken, the results were populated into an Excel Spreadsheet dimension report template created by the Author to automatically check the measured value against the nominal value and tolerance limits (Appendix N – Dimension Report).
After the jig had been conformed as within tolerance, support brackets were added to the jig to prevent it moving during use to close out the action on the FMEA (Figures 31-33).
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Figure 31
[image: ]
Figure 32
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Figure 33

Product Work Instruction (PWI)

Once the jig had been confirmed as conforming, the next stage was to standardise the work instruction for the installation of the suites onto the jig. This would ensure that no local biases were introduced, imparting variation in the measurement system beyond that of the process capabilities (Appendix O – PWI).

Training

The last of the three issues identified during the initial Root Cause Analysis was improving the dimensioning knowledge of the QA Technicians. After the structure was agreed (Master Training Schedule in Appendix P), the training notes were created.
[bookmark: _GoBack]Once the QA Technicians had completed the training, their stamp approvals were updated and they were able to dimension product.

[bookmark: _Toc71835813]6.1.7 Review

The project was completed and a jig conforming to the customers’ specifications for the aircraft floor was created. To assess how well the project met the brief, a compliance matrix was developed, comparing the product with the original PDS (Figure 34).
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Figure 34
The project scored a 96% compliance to the original PDS. The deviations away from the specification were the width of the jig, with an additional 20cm added to accommodate the touch pads and the overall completion date caused by Covid-19 delays. The change in width was required to close out an FMEA issue, whilst the delay in completion was closing out the project with a Lean Kfe presentation on the work accomplished. Although these were deviations from the original specification, the change in the size of the jig had no real impact in costs or the floorplan and the delay in completion did not prevent the jig being certified prior to the next shipset. It can then be stated that the project had a successful conclusion.

[bookmark: _Toc71835814]6.2 Change Management

Although the Literature Review identified three key components in the management of change, the ‘Pre-Change Success Likelihood Predictor’ was not considered in this project. The need for change was mandated by the customer as they were not prepared to receive new products from SAFRAN until both containment and permanent corrective actions were in place. Without the change, the company would have been liable for breach of contract, or at least fines for the rework required to correctly install the suites in the aircraft.

The project was planned to ensure that the phases of the design were carried out in a logical, sequential order, which could justifiably be classified as a ‘Modular Process Flow’. Of the three models listed, the project more closely followed Bullock and Batten’s Phases of Planned Change (Cameron and Green, 2019) (Table 5). 


	Bullock & Batten’s Phases of Planned Change
	Phases of the Engineering Design Process

	Exploration
	Analysis

	
	Definition

	Planning
	Design

	Action
	Finalisation

	Integration
	Implementation


Table 5

A final key component of change management is ‘People Management’, which the project did not consider. The project could have been further enhanced with a stakeholder analysis supplemented with a formal communication plan (Nguyen, Mohamed and Panuwatwanich, 2018). It could have created an opportunity to engage with the parties affected by the change and support them through the project. By not considering this aspect, the project was placed at greater risk of failure.
Figure 35 and Table 6 summarise an example of a potential stakeholder analysis and associated communication plan to implement for the project.

[image: ]
Figure 35. Adapted from (MindTools.com, 2021)

	People
	Method
	Frequency

	Sponsor
	Gateway Review
	As Required

	Project Team
	Progress Updates
	Weekly

	Jig Manufacturer
	Gateway Review
	As Required

	QA Technicians
	Formal Dissemination
	End of Implementation

	Production Operators
	Newsletter
	End of Design/Implementation

	Installation Team
	Formal Dissemination
	PWI Completion

	Customer
	Gateway Review
	As Required

	Team Leaders
	Email
	Monthly

	All
	Opening Ceremony
	Project Completion


Table 6


[bookmark: _Toc71835815]6.3 Project Management

The project was completed within the initial budget of £15,000 (whole project completed for £10,481.64). This value included all the changes to the planned design caused by the FMEA. Costs were kept under control by considering the impact of the design of the jig as well as all the component parts through the cost table. Where additional equipment outside of the original scope was required, existing material (for the touch pads support) and decommissioned equipment (jig support brackets) were sourced to keep costs down. Further refinement of the design at the material selection and CSM phase managed to reduce costs whilst still ensuring the quality of the jig was not compromised. The focus on costs helped to produce a more innovative design for the jig by driving the requirement for non-standard practices to reduce waste.

The outcome of the project showed that the completed jig was in tolerance, supported with a useable work instruction and training rolled out to the QA Technicians. This satisfied the original scope of the project and fully closed out the issues identified in the ‘Top 3, 5 Why’ analysis.

Although a Gantt Chart was created for the project (Figure 36), the template used was basic. It did break the project down into sections to show sequential steps with the relationship between them but did not demonstrate the person responsible for each task. 

[image: ]
Figure 36
Although the project was later supported by Work Breakdown Structure (Appendix K) this was too late into the project to be able to successfully govern the earlier stages. The Gantt also failed to include any Milestones or Gate Reviews. Given the cost of the jig, the project should have undertaken a Gate Review to ensure that it was both viable and completed to the relevant stage before the Purchase Order was raised. By doing so, the review would have brought more confidence in the successful outcome of the project as well as highlighting any open issues threatening the project. Figure 37 and Tables 7-8 show an example of an improved Gantt Chart, with Milestone Markers and a Gate Review, respectively. It incorporates a Work Breakdown Structure by allocating tasks to people and includes a method of monitoring the progress of each activity.


[image: ]Gate Review


Figure 37
	Milestone #
	Target
	Completion Date

	1
	PDS Completed
	15/12/2019

	2
	Conformity Check Completed
	25/03/2020

	3
	PWI Completed
	28/03/2020

	4
	Training Pack Approved
	20/04/2020

	5
	Official Project Completion 
	01/06/2020


Table 7

[image: ]
Table 8
[bookmark: _Toc71835816]6.4 Continuing Professional Development (CPD)

Upon completion of the project, the Project Manager assessed their performance in the project by carrying out a SWOT analysis (Figure 38).

[image: ]
Figure 38
The SWOT analysis identified a few weaknesses in the performance on the Project Manager. It also provided improvement ideas, such as undertaking courses in Mentoring and Metrology. The threats to taking advantage of these opportunities were identified so that a mitigation plan could be created in the form of a personal development plan (Figure 39).
[image: ]
Figure 39
The plan was presented during the Project Manager’s Personal Development Review (PDR), to work together with SAFRAN to aid in their development. SAFRAN agreed that the mentoring qualification could be undertaken as they wanted to roll out mentoring and coaching within the business to support ‘on-the-job’ training processes. The FARO training was provided, the course completed, and the certificate awarded.
Although SAFRAN did not provide financial support for the Metrology courses, the National Physical Laboratory offered the courses for free during lockdown. All modules were studied, and the certificates awarded.
A Participative Innovation (PI) successfully completed by the Project Manager was chosen as the PI of the Month for the Quality department, providing a platform to improve performance at speaking to an audience of senior members of the company.
Finally, the Project Manager was able to successfully complete an application to the Chartered Quality Institute, achieving the grade of Practitioner.
Although the SWOT analysis, coupled with a Personal Development Plan led to successful improvements in enhancing the skills identified as weaknesses, the SWOT analysis did not identify all the Project Manager’s weaknesses. This report has identified key points that were overlooked in both the Change Management and Project Management review. As the Project Manager was relatively inexperienced in these areas, they were unable to critically review their level of competency. To enhance the potential of the SWOT analysis, the project should have been reviewed by a subject matter expert to help validate the Project Manager’s performance from an independent perspective.



[bookmark: _Toc71835817]7. Conclusions

Although the project completed the manufacture of the jig on time and on budget, this report has identified key failings that could have jeopardised the outcome of the project. Whilst the final product did achieve a compliance matrix score of 96%, this does not reflect the failings in the PDS to identify key features that were missing, such as the unit format and datum requirements, both of which caused delays in the completion of the project. The PDS was designed from scratch to a copy of BS7373-1:2001. However, a template designed to request the unit format and datum requirements for new designs would have been more appropriate for this purpose.
The report does acknowledge that the other aspects of EDP worked well and helped to ensure a positive outcome for the project. The Safety aspect of assessing the requirements for the feet of the jig provided assurance that the jig posed no risk to the people who would use it. The project also demonstrated how an FMEA, when used correctly, can help to mitigate risks to the project when followed through with a corrective action plan.
The project could have been further bolstered with an effective stakeholder analysis and communication plan. These were missed due to the inexperience of the Project Manager but should be considered as a mandatory requirement for effectively managing change within an organisation. This is particularly relevant in this case, as the Project Manager identified public speaking as a weakness in the SWOT analysis. A communication plan would have aided to handle the project more effectively.
The primary tool of a Project Manager to ensure on-time completion of activities is the Gantt chart (including Milestones, Gate Reviews and Work Breakdown Structure). This approach would enable the Project Manager to keep better control over the project, communicate more effectively the status of the project with the stakeholders and ensure key governance actions were closed out before proceeding to the next stage.
The SWOT analysis, whilst leading to improvements in the knowledge of the Project Manager, failed to identify these issues as areas to improve. To be truly effective as a post-project evaluation tool, it is recommended that the analysis is carried out at least in tandem with an independent expert in the field. Although the SWOT analysis can help to identify strengths, weaknesses, opportunities, and threats as a personal development tool, it lacks the forward planning mechanisms to put the ideas into action. It is therefore recommended that the SWOT analysis is always used in conjunction with a Personal Development Plan to identify the paths towards converting the weaknesses into strengths.
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[bookmark: _Toc71835820]Appendix A – Aura Dimensional Analysis
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[bookmark: _Toc71835821]Appendix B – Proposed Solutions
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[image: ]




[bookmark: _Toc71835825]Appendix F – Aura Foot Fitting Jig Review
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[bookmark: _Toc71835826]Appendix G – Character Selection Matrices

Adjustable Feet

	Attribute
	Foot Type 1
	Foot Type 2
	Foot Type 3
	Foot Type 4
	Foot Type 5

	Static Load Capacity
	1500kg (3)
	4000kg (5)
	450kg (2)
	3000kg (4)
	300kg (1)

	Thread Size
	M16 (3.5)
	M24 (5)
	M8 (2)
	M16 (3.5)
	M6 (1)

	Thread Length
	75mm
	200mm
	60mm
	125mm
	40mm

	Diameter
	70mm (3)
	100mm (4)
	38mm (2)
	120mm (5)
	40mm (1)

	Overall Height
	111mm (3)
	256mm (5)
	85mm (2)
	172mm (4)
	61mm (1)

	Cost (Each)
	£12.15 (4)
	£74.08 (2)
	£12.78 (3)
	£85.76 (1)
	£2.32 (5)

	Cost (Total)
	£145.8
	£888.96
	£153.36
	£1029.12
	£27.84

	Total Score
	16.5 (3)
	21 (1)
	11 (4)
	17.5 (2)
	9 (5)





Plate and Frame

	Attribute
	 Mild Steel
	Aluminium
	MDF
	Cast Iron
	High Tensile Steel

	Tensile Strength
	440 MPa (3)
	480 MPa (4)
	31 MPa (1)
	115 MPa (2)
	760 MPa (5)

	Moisture Swell
	0 (5)
	0 (5)
	Upto 0.087” (1)
	0 (5)
	0 (5)

	Modulus of Elasticity
	180 GPa (4)
	69 GPa (3)
	4 GPa (1)
	13.4 GPa (2)
	200 GPa (5)

	Weight
	7850 kg/m3 (2.5)
	2700 kg/m3 (4)
	740 Kg/m3 (5)
	7860 kg/m3 (1)
	7850 kg/m3 (2.5)

	Cost (£ per ton)
	1785 (2)
	1693 (3)
	703 (5)
	1323 (4)
	2109 (1)

	Total Score
	16.5 (3)
	19 (1)
	13 (5)
	14 (4)
	18.5 (2)





[bookmark: _Toc71835827]Appendix H – Product Design Specification

1.    Performance
1.1  Must accommodate both the Optima B767 and B787 projects
1.2  Must maintain a flatness value of +/-0.03” between the highest and lowest points, even under load
1.3  Must be adjustable to maintain flatness of the top surface for any realistic gradient of floor
1.4  Track spacing must be within +/-0.03” from the datum point and therefore +/-0.06” track to track
1.5  Jig must be accompanied by a Work Instruction and the jig should be correctly marked up for ease of use
1.6  Must be at a reasonable working height, less than 0.5m
1.7  Tracks and blocks must be removable for maintenance of the jig
 
2.    Environment
2.1  Jig will be in a temperature controlled room at 21⁰C, but the jig should be capable to work within a range of 10-30⁰C
2.2  Corrosion Resistance will be provided by painting the frame of the jig and coating the top plate in corrosion protective fluid
2.3  Jig will be strong enough to withstand bumps and impacts without deformation
2.4  Jig will support loads up to 500kg
 
3.    Service Life
3.1  The design of the jig should outlast both the Optima B767/787 projects. This should be for a minimum of 4 years for the frame and the top plate. The tracks and blocks will be suitable of a minimum of 1 year
 
4.    Maintenance
4.1  Jig to be checked daily for damage and FOD
4.2  Jig should be cleaned and smaller debris removed once a week
4.3 Jig should be calibrated annually and any adjustments required/tracks replaced as required
4.4  Bolts should be taken from the Kanban to ensure availability of replacement parts
4.5 Stock of tracks and blocks must be maintained as replacement parts for damages
 
5.    Target Product Costs
5.1 Completed jig with all machining, tracks, blocks, delivery and installation should be less than £15,000
 
6.    Competition
6.1 N/A
 
7.    Packaging
7.1  N/A
 
8.    Testing
8.1 The jig will be measured using FARO Arm dimensional analysis and a report produced to verify the track to datum spacing is within +/-0.03” tolerance
8.2 The jig flatness will be measured across the top of the tracks to ensure the offset between the highest and lowest points are within 0.06” of each other
8.3 Testing will be carried out under load
8.4 Calibration will be annual, unless the tracks or blocks are changed. In this instance, a partial dimension of the affected parts is required
8.5 Flatness calibration is invalidated by moving the jig
 
9.    Market Constraints
9.1  N/A
 
10.    Shipping
10.1    N/A
 
11.    Quantity
11.1   Initial scope of project is for a single jig
 
12.    Product Life Span
12.1   Due to the aluminium tooling plate used for the jig, the lifespan will be for 10+ years
12.2   Tracks and blocks are subject to repeated torque and load. Also, as they are made from aluminium, they will last up to 5 years, but can be replaced if damaged or if they fail annual calibrations
 
13.    Materials
13.1   Both the jig and the frame will be made from aluminium
13.2   Adjustable feet will be made from heavy duty plastic
13.3  Blocks and tracks will be made from aluminium to replicate the aircraft floor
 
14.  Size
14.1   Height of the jig must not exceed 0.5m
14.2   Length must not exceed 2m
14.3   Width must not exceed 1.5m
15.    Weight
15.1   The weight of the jig is not critical
 
16.    Appearance
16.1 Jig will consist of the following parts, 12 Heavy Duty Plastic adjustable feet, 1 aluminium box section frame, 1 Aluminium tooling plate 1” thick, Aluminium aircraft tracks and blocks as required.

[image: ][image: ]
 
17.    Safety
17.1   All sharp edges to be removed to prevent cuts
17.2   Height to be kept to a maximum of 0.5m to reduce the risk of injury due to falling
 
18.    Standards
18.1   BS 3692 – Fastners and bolts
18.2   BS 5750 – Design, Manufacture and Installation
18.3   BS755 – Aluminium Components
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1.Design
1.1    Decide Design Parameters – Project team to meet and review outcomes from research phase and how they will impact on the final design.
1.2    Provide Design Brief – Outcome of design parameters built into design scope by way of the Design Brief. This identifies the requirements the design must meet
1.3    Tom Murphy to use CATIA to create model and drawings of jig in line with brief. CATIA PC available to Tom as part of his job role. These will eventually become the drawings submitted to the supplier
1.4    Prior to release of the drawings, the team will meet to review the drawings as a check that the design brief will be met by the design.
1.5    Tom Murphy to update drawings based on the feedback received during the drawing review
1.6    Tom Murphy to send drawings direct to Dave Daley at DKP Engineering for supplier review and confirmation of the final design
1.7    Parts list completed by Owen Evans in accordance with agreed drawings. Costs calculated and confirmed as within budget
1.8    Part list submitted to Bernard Murphy to approve and raise required Purchase Order
 
2.        Manufacture
2.1    Supplier confirms suitability of drawings and confirms ability to build to the design
2.2    Supplier orders materials required to complete their assembly activities
2.3    Supplier writes CNC program using specifications on submitted drawings
2.4    Plate and frame fabricated by supplier at their facility from materials ordered
2.5    Supplier to join the plate, frame and foot fittings to provide the lower level jig, without track and block fixings
2.6    DKP Engineering to deliver jig on site to SAFRAN. Jig will be delivered to the Goods In area in Kestrel House
3.       Installation
3.1    Martin Carver to ensure that the room where the jig is to be situated has been cleared, ready for the jig to be delivered. Room is to be set out according to the approved floor plan
3.2    Pump trucks booked by Owen Evans for the date and time required. This will ensure a timely move of the jig from Goods In to the room
3.3    Walkways to be cleared of any obstacles and FOD prior to the jig being moved into position
3.4    Martin Carver and Owen Evans to move the jig using the pump trucks additional help from general workforce to be taken if required to act as safety supervisor
3.5    Adjustable feet to be locked down against the floor to prevent jig rocking under test
3.6    Tracks and blocks to be installed using tools and bolts ordered
4.       Calibrate
4.1    FARO Arm certificate and ID plate checked to confirm the Arm is in calibration and suitable to use
4.2    Martin Carver to set up FARO Arm for use. Trolley and Arm booked for duration of conformity checks
4.3    Ensure that the planes of both the B767 & B787 projects are within the +/-0.03” tolerance
4.4    Adjust the feet only if required. Re-measurement of the planes required after any adjustment
4.5    Measure the blocks and hole positions for both the B767 & B787 projects an insure they are within the +/-0.03” tolerance
4.6    Adjust tracks and blocks as required. Re-measurement of the planes required after any adjustment
4.7	Once all parameters have been verified as conforming, Owen Evans to review and approve report. Jig to be issued unique serial number and to be entered into the calibrate tooling register
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Focus

Change 

Management 

Theory

General Principles

Lewin's Force Field 

Analysis

Weighted Pros/Cons list to identify whether perceived change benefits 

are greater in magnitude than the disruption caused implementing the 

change

Beckhard and Harris' 

Change Formula

The formula 'C=[ABD]>X', where;

A = Dissatisfaction of Current State

B = Desirability of Change

D = Practicality of Change

X = Perceived 'Pain' of Change

SWOT & PESTLE SWOT - Breaking down the change into:

- Strength, Weaknesses, Opportunities & Threats



PESTLE - Breaking down external forces into;

- Political, Economic, Sustainable, Technological, Legal & 

Environmental



Lewin's Three Step 

Model

1) Unfreezing (Preparing for Change)

2) Implementation of Change

3) Refreezing (Locking in 'New State')

Bullock and Batten's 

Phases of Planned 

Change

1) Exploration (Validation of case for change)

2) Planning Change

3) Action (Implementing Change)

4) Integration Phase (Post Change Alignment with Rest of Business)

Kotter's Eight Step 

Model

1) Create Sense of Urgency

2) Build Guiding Team

3) Form Strategic Vision and Initiatives

4) Enlist Volunteers

5) Remove Barriers

6) Short Term Wins

7) Sustain Acceleration

8) Institute Change

Kubler-Ross' Change 

Curve

Maps the Correlation Between Sequential Steps in Emotional 

Response to Change and the Motivation of Staff;

1) Shock/Denial (Inform)

2) Anger (Inform and Emotional Support)

3) Bargaining (Emotional Support)

4) Depression (Emotional Support and Guidance/Direction)

5) Acceptance (Guideance/Direction)

Bridges' Transitional 

Phase Model

Maps the Correlation Between Sequential Steps in Emotional 

Response to Change and the Motivation of Staff;

1) Ending (Increased Communication about Change)

2) Neutral Zone (Guidance)

3) New Beginning (Objective Setting)

Prosci Ltd ADKAR 

Model

- Awareness (Need for Change)

- Desire (Support for Change)

- Knowledge (Change to be Carried Out)

- Ability (Learning New Skill)

- Re-inforcement (Embedding New State)

Pre-Change 

Success 

Likelihood 

Predictor

Modular Process 

Flow

People 

Management
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Design Phase Tools

6-Pack

Ishikawa

5 Why

Current Method Review

Possible Solutions

Previous Examples

Material Research

Characteristic Selection Matrix (CSM)

Product Design Specification (PDS)

Final Drawings

Floor Space

Costs

Failure Mode Effect Analysis (FMEA)

Work Breakdown Structure

Purchase Order

Assembly

Testing

Dimension Report

Product Work Instruction (PWI)

Training Plan

Analyse

Define

Design

Finalise

Implement
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# NAME # DESCRIPTION

S1 R1 E1 SCREENSHOT WITHOUT ARM INSTALLLED

S1 R1 E2  SCREENSHOT WITH ARM INSTALLED

S1 R2 BLUETOOTH CONNECTION S1 R2 E1  SCREENSHOT WITH ARM CONNECTED

N/A N/A N/A REVIEW

S2 R1 PLANE

S2 R2 LINE

S2 R3 CIRCLE

S2 R4 FARO ALIGNMENT

S2 R5 COMPENSATE AXIS POINT

S2 R6 ANGLES

S2 R7 CIRCLE HEIGHT S2 R7 E1  SCREENSHOT WITH PLANE 2 & CIRCLE MEASURED, VALUE FOR ALL AXIS PROVIDED

S2 R8 E1  SCREENSHOT WITHOUT FEATURE WINDOW

S2 R8 E2 SCREENSHOT WITH FEATURE WINDOW

S2 R9 E1 SCREENSHOT WITH LENGTH FROM FEATURES WINDOW OPEN

S2 R9 E2 SCREENSHOT WITH LENGTH FROM FEATURES MEASUREMENT COMPLETE

S2 R10 E1 SCREENSHOT WITH MOVE DEVICE POSITION WINDOW OPEN

S2 R10 E2 SCREENSHOT WITH MANUAL TARGET SELECTION POINTS APPLIED

S2 R10 E3 SCREENSHOT WITH TARGET MEASUREMENT COMPLETE AND PASSED

S2 R11 E1 SCREENSHOT WITH MEASUREMENTS IN MM

S2 R11 E2 SCREENSHOT WITH MEASUREMENTS IN INCHES

N/A N/A N/A REVIEW

S3 R1 PROCESSES AND FORMS S3 R1 E1 SCREENSHOT OF SERIAL NUMBER AND WEIGHT MATRIX WITH UNITS DESIGNATED FOR DIMENSIONAL ANALYSIS

S3 R2 DIGITAL LIBRARY S3 R2 E1 SCREENSHOT OF DIGITAL LIBRARY OPEN ON CORRECT DRAWING

S3 R3 E1 A4 MARKED UP DRAWING

S3 R3 E2 COPY OF DRAFT DIMENSION REPORT

N/A N/A N/A REVIEW

S4 R1 HYPERLINK S4 R1 E1 SCREENSHOT WITH EDIT HYPERLINK WINDOW OPEN, SHOWING CORRECT PATHWAY TO DRAWING

S4 R2 E1 SCREENSHOT WITH CREAT A DIGITAL ID WINDOW OPEN

S4 R2 E2 SCREENSHOT OF COMPLETED REPORT WITH SIGNATURE

S4 R2 E3 COPY OF COMPLETED REPORT

S4 R2 E4 SCREENSHOT OF REPORT PUBLISHED AS A PDF

S4 R3 REMOVE SIGNATURE N/A N/A

N/A N/A N/A REVIEW

S5 R# E1  SCREENSHOT OF COMPLETED DIMENSION

S5 R# E2 A4 MARKED UP DRAWING

S5 R# E3 COPY OF COMPLETED REPORT

S5 R# E4 SCREENSHOT OF REPORT PUBLISHED AS A PDF

N/A N/A N/A REVIEW

S5 2HR

ADD SIGNATURE

CREATING A REPORT S3 4HR

S4 1HR

N/A ALL AS REQUIRED

S4 R2

S3 R3

TIME

S2 R9

S2 R10

S2 R11

FEATURE WINDOW

BLUETOOTH SETUP S1 R1

S2 R8

1HR

4HR

S2 R4 E1  SCREENSHOT WITH ALIGNMENT SETUP USING PREVIOUS FEATURES

S2 R6 E1 SCREENSHOT WITH POINT MEASUREMENT, LINE MEASUREMENT, ANGLE FROM FEATURES WINDOW OPEN

EVIDENCE REQUIRED

SESSION

S1

S2

MM TO INCHES

FARO MOVE

LENGTH FROM FEATURES

NOTES REQUIRED
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OPERATIONAL IMPACTS PROBLEM DESCRIPTION

Financial: Eliminate Rework costs for corrective actions at customer,

A S Non-Conforming Optima B767/B787 suites have been
allows the company to move to sample size dimensioning

delivered to the customer. The suites have passed a
Customer satisfaction: Customer satisfaction is poor units are delivered Dimension Test prior to shipping, but were found to have out-
non-conforming, rebuilds confidence on our dimensioning capabilities of-tolerance Aisle Width dimensions when installed in the
aircraft

OPERATIONAL OBJECTIVES SCOPE

KPI Current Target In: Dimensioning Process, Methods and Work Instructions, Training, Tools
Out of Tolerance suites per shipset

and Equipment

Out (if relevant): Cause of the Non-Conforming Composite, Supplier

considered as a separate project by the Design Engineering/SQA Project)

N E
_—- actions, Bonding Process, Product Design Capability (These are all being

PLANNING TEAM
Kick-off: 01-10-19 Sponsor: James Carter
Overview: 04-11-19 Project leader: Owen Evans

Eleasnen?rrl(;hog?(-)%if)o Team: Tom Murphy, Bernard Murphy, Martin Carver, Gareth Jones

Implementation: 06-04-20
Evaluation: 30-05-20
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PART PART NUMBER PRICE EACH Qry TOTAL
ALUMINIUM TOP PLATE AL-PLATE-SAF £4,655.43 1 £4,655.43
ALUMINIUM BOX FRAME AL-FRAME-SAF £566.22 1 £566.22
ADJUSTABLE FEET A090/005 £12.15 12 £145.80
HELICOIL M5 WTMS5X1.5D-A £0.28 30 £8.40
HELICOIL M8 WTM8X1.5D-A £0.40 110 £44.00
HELICOIL M10 WTMF10x1x1.5D-B £0.41 2 £0.82
SINGLE BLOCKS 787 SK37957-101 £65.00 26/ £1,690.00
DOUBLE BLOCKS 787 SK37618-103 £68.50 8 £548.00
SEAT TRACK SEAT TRACK-12'M8 £58.60 6 £351.60
BLOCK BOLTS 2878T £0.14 68 £9.52
TRACK BOLTS 2878T £0.14 36 £5.04
PLATE TO FRAME BOLTS 8655T £0.10 36 £3.60
PLATE TO FRAME GRUB SCREWS 7887) £0.05 36 £1.80
LOOSE ITEMS 767 F29430-010-051 £329.09 1 £329.09
LOOSE ITEMS 787 F29630-010-052 £47.62 1 £47.62
MACHINING/MANUFACTURING COSTS N/A £1,350.00 1 £1,350.00
DELIVERY N/A £150.00 1 £150.00

£9,906.94
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DIMENSIONAL ANALYSIS IMPROVEMENTS

SIMPLE GANTT CHART by Vertex42.com

Company Name

SAFRAN SEATS GB

https://www.vertex42.com/ExcelTemplates/simple-gantt-chart.html

Project Lead

1

JUN

TASK

ASSIGNED

TO

PROGRESS START

DAYS TO 

COMPLETE

END 1 7 14 21 28 4 11 18 25 2 9 16 23 30 6 13 20 27 3 10 17 24 2 9 16 23 30 6 13 20 27 4 11 18 25 1

ANALYSE PHASE 100% 01/10/19 33 03/11/19

DEFINE PHASE 100% 04/11/19 41 15/12/19

DESIGN PHASE 100% 16/12/19 27 12/01/20

FINALISE PHASE 100% 13/01/20 27 09/02/20

FMEA TEAM & SUPPLIER 100% 13/01/20 7 20/01/20

DRAWING UPDATES TOM MURPHY 100% 21/01/20 14 04/02/20

PURCHASE ORDER PROJECT MANAGER 100% 05/02/20 4 09/02/20

IMPLEMENT PHASE 100% 10/02/20 60 10/04/20

POST PROJECT PHASE 100% 11/04/20 11/04/20

2019

OCT

Owen Evans

Display Week:



2020

NOV DEC JAN FEB MAR APR MAY

Tue, 01/10/2019
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Gateway Objective

Department 

Responsible

Start Date

Planned 

Completion Date

NO GO Criteria

Objective 

Met (Y/N)

Floorplan created and space allocated Project Manager 02/01/2020 09/01/2020 No available space for jig Y

Drawings conform to PDS Tom Murphy 02/01/2020 12/01/2020 Any unauthorised deviation away from PDS Y

FMEA complete Project Manager 13/01/2020 20/01/2020 No RPN scores higher than 50 after corrective actions Y

Supplier confirmation of ability to supply jig Supplier 03/02/2020 10/02/2020 Any significant cost/timeline issues Y

Max support weight of feet above safety limit Project Manager 09/12/2019 10/02/2020 Feet chosen do not support a minimum of 80Kg each Y

Project on budget Project Manager 05/02/2020 09/02/2020 >£15,000 Y

Sponsor sign off for expenditure Sponsor 06/02/2020 09/02/2020 Authorisation not granted Y

GO Count 7

NO GO Count 0

Gateway % Complete 100.0%
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INTERNAL

EXTERNAL

STRENGTHS

- Technical input into group
projects

- Planning and monitoring
engineering projects

- Technical writing of PWI's and
FARO scripts

THREATS

- Financial support from the
company to undertake courses
may not be available

- Time pressures due to Covid
onsite working numbers

- Time pressures caused by
ongoing academic studies
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# Issue Photo

1 Twisting of rails as they are not secured in position

2 Varying thickness of plank tolerances, especially 

with  multiple layers of planks

3 Incorrectly secured mounting brackets

4 Lifting due to weight distribution of the product

5 Misalignment of layers during construction

6 Worn or damaged blocks

7 Missing blocks
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# Solution Pros Cons Feasibility 

Score

1 Calculate 

Theoretical 

Values

>Minimal initial resource costs

>Limited overall change to current process

>No lifting of units

>High likelihood of error being calculated in

>Miscalculation of error value by Technician possible

>Compensation Factors must be repeatable

>Controlled pallet build, shimmed were required

>Relies on pallets being new and undamaged

>Requires additional measurements for angular compensation values

>Additional training in FARO Software to offset coordinate system

>Offset values would have to be recorded

>R and R study required to ensure accuracy of compensation

>Long timescale to analyse compensation data for each project

>Repeated new pallet purchase for every unit (circa £9,200 PER 

SHIPSET!)

52%

2 Modify 

Surface 

Table

>Work on interface plate can be carried out off site

>Machining tolerances apply

>No risk of FOD

>Interface plate can be fixed in position using existing jigs holes

>Interface Plate cost (circa £5,000 with machining and delivery)

>New drawing for correct hole positioning required

>Method of fixing plate to jig required

>Net increase in weight of jig

>Change to the height of jig

>Wasted floor space due to unused areas of jig

78%

3 New Jig 

Design

>Greater control as only the jig would have to be conformed, not 

every pallet

>Standard parts from stores can be used to install the units to the jig

>Fewer conformity activities as jig would require only annual 

calibration

>Standard installation PWI can be used as the process is common to 

aircraft installation

>Parts can be machined to tolerance

>Strong solid base will rule out flex in the jig

>Adjustable feet will allow for leveling on any undulated surfaces

>Lower overall time scale as design activities only be required at jig 

conception phase

>High initial cost of jig (circa £11,000 total)

>Units must be transferred from pallets/trolleys to jig and back

>External company must be used to manufacture jig

85%
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Airframer

 

Specification

This

 

solution

 

will

 

not

 

meet

 

the

 

airframer

 

specification

.

 

The

 

compensation

 

factors

 

will

 

have

 

to

 

be

 

recorded

 

and

 

verified

 

each

 

time

 

one

 

is

 

used

.

 

Any

 

calculations

 

would

 

have

 

to

 

be

 

based

 

on

 

nominal

 

values

 

without

 

tolerances

 

being

 

applied

,

 

which

 

could

 

lead

 

to

 

very

 

inaccurate

 

results

.

 

 

The

 

manufacturing

 

demand

 

will

 

be

 

impacted

 

as

 

compensations

 

factors

 

will

 

have

 

to

 

be

 

calculated

 

before

 

each

 

dimensional

 

analysis

 

can

 

begin

.

 

The

 

Production

 

Team

 

would

 

be

 

impacted

 

as

 

they

 

would

 

have

 

to

 

conform

 

each

 

pallet

 

before

 

use

Manufacturing

 

Demand

Production

 

Team

Apr

-

20

The

 

initial

 

calculations

 

could

 

take

 

up

 

to

 

6

 

weeks

 

per

 

project

,

 

not

 

including

 

the

 

time

 

to

 

compensate

 

for

 

each

 

individual

 

pallet

 

variation

.

 

Initial

 

calculations

 

will

 

be

 

time

 

consuming

 

and

 

could

 

be

 

voided

 

should

 

a

 

design

 

change

 

occur

£

15

,

000

Factoring

 

the

 

recurring

 

budget

 

of

 

£

9

,

200

 

per

 

shipset

 

for

 

brand

 

new

 

pallets

,

 

the

 

budget

 

would

 

be

 

surpassed

 

in

 

less

 

than

 

two

 

ship

 

sets

Hole

 

Positioning

The

 

design

 

team

 

have

 

already

 

created

 

a

 

jig

 

with

 

the

 

incorrect

 

hole

 

poisitions

.

 

By

 

providing

 

these

 

values

 

as

 

a

 

compensation

 

based

 

on

 

nominal

 

without

 

tolerances

 

being

 

applied

 

will

 

create

 

potential

 

errors

.

 

The

 

drilling

/

positioning

 

of

 

the

 

unit

 

correctly

 

on

 

a

 

pallet

 

in

 

a

 

repeatable

 

manner

 

is

 

extremely

 

difficult

 

unless

 

the

 

reinforcing

 

plate

 

has

 

a

 

machining

 

operation

.

 

Drilling

Unit

 

Installation

Interface

 

Adapters

New

 

interface

 

adapters

 

of

 

consistent

 

heights

 

would

 

have

 

to

 

be

 

designed

,

 

machined

 

and

 

conformed

 

to

 

secure

 

the

 

units

 

to

 

the

 

pallets

.

 

No

 

machine

 

capacity

 

is

 

available

 

to

 

grout

 

out

 

the

 

reinforcement

 

layer

 

to

 

secure

 

the

 

units

 

at

 

the

 

correct

 

set

 

spacings

.

 

M

.

E

.

 

support

 

will

 

be

 

difficult

 

to

 

obtain

 

to

 

caluclate

 

the

 

offsets

 

due

 

to

 

the

 

number

 

of

 

calculations

 

required

 

and

 

the

 

length

 

of

 

time

 

forecast

 

to

 

create

 

them

.

 

This

 

solution

 

would

 

not

 

require

 

any

 

additional

 

floor

 

space

 

and

 

would

 

not

 

change

 

the

 

heights

 

of

 

the

 

pallet

 

or

 

unit

.

 

Unless

 

the

 

floor

 

is

 

levelled

 

off

 

and

 

all

 

dimensions

 

taken

 

from

 

within

 

the

 

same

 

area

,

 

achieving

 

a

 

consistently

 

flat

 

plane

 

would

 

be

 

very

 

difficult

.

 

Each

 

pallet

 

would

 

have

 

to

 

be

 

custom

 

shimmed

 

to

 

try

 

and

 

acheive

 

a

 

level

 

surface

.

 

A

 

new

 

design

 

of

 

reinforcing

 

layer

 

would

 

have

 

to

 

be

 

designed

 

and

 

manufactured

 

to

 

enable

 

the

 

flatness

 

level

 

of

 

+/

-

 

0

.

030

"

 

to

 

be

 

achieved

.

Machining

 

Equipment

M

.

E

.

 

Support

Physical

 

Dimensions

Leveling

Top

 

Plate

Health

 

and

 

Safety

Solution

 

1

Dimensional

 

Analysis

 

Accuracy

Calculate

 

Theoretical

 

Values

Criteria

Additional

 

Information

Supports

 

Solution

Justification

Feasability

 

 

Total

 

Score

Yes

(

3

)

Maybe

 

/

 

Partially

 

(

2

)

No

 

(

1

)

 

 

 

 

 

Does

 

it

 

Meet

 

the

 

Original

 

Scope

?

Time

 

Frame

Budget

Technical

 

Knowledge

Materials

 

and

 

Resources

 

British

 

Standards

Information

 

Sources

 

at

 

Work

 

Act

No

 

violation

 

of

 

health

 

and

 

safety

 

at

 

work

 

act

 

as

 

no

 

physical

 

change

 

to

 

task

,

 

only

 

the

 

tolerances

 

of

 

the

 

pallet

 

build

.

 

No

 

changes

 

to

 

working

 

height

.

Working

 

at

 

Height

 

Regulations

Current

 

Drawings

No

 

drawings

 

exist

 

for

 

the

 

pallets

 

or

 

adapters

.

 

There

 

are

 

also

 

no

 

drawings

 

available

 

for

 

the

 

compensation

 

factors

.

 

A

 

pallet

 

supplier

 

is

 

already

 

in

 

place

,

 

so

 

creating

 

a

 

new

 

deal

 

would

 

be

 

possible

,

 

but

 

the

 

cost

 

will

 

increase

 

as

 

the

 

tolerances

 

tighten

 

up

.

Supplier

Total

 

Score

 

 

 

28

Maximum

 

Score

 

 

 

54

1

1

1

1

1

1

1

1

1

1

1

5

2

1

3

8

6

3

2

2

2
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3

3

Feasibility

 

Percentage
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Airframer

 

Specification

As

 

the

 

original

 

jig

 

was

 

scraped

 

down

 

to

 

achieve

 

a

 

flatness

 

tolerance

 

of

 

0

.

010

",

 

it

 

will

 

conform

 

to

 

the

 

airframer

 

specification

 

as

 

the

 

holes

 

were

 

drilled

 

on

 

a

 

CNC

 

machine

 

as

 

well

.

 

The

 

top

 

plate

 

can

 

be

 

made

 

the

 

same

 

way

 

and

 

with

 

the

 

track

,

 

provides

 

an

 

overall

 

stack

 

up

 

of

 

+/

-

 

0

.

030

"

 

when

 

all

 

three

 

items

 

are

 

assembled

.

 

This

 

is

 

right

 

on

 

the

 

top

 

tolerance

.

 

It

 

will

 

meet

 

the

 

manufacturing

 

demand

,

 

but

 

an

 

approximate

 

time

 

of

 

1

 

hour

 

per

 

seat

 

must

 

be

 

allocating

 

for

 

installing

 

and

 

removing

 

the

 

seats

 

from

 

the

 

jig

.

 

The

 

production

 

team

 

will

 

be

 

able

 

to

 

support

 

this

,

 

but

 

additional

 

work

 

instructions

 

and

 

training

 

must

 

be

 

provided

 

for

 

installing

 

the

 

seats

 

on

 

to

 

the

 

jig

.

Manufacturing

 

Demand

Production

 

Team

Apr

-

20

The

 

initial

 

jig

 

is

 

already

 

in

 

place

 

at

 

Safran

,

 

so

 

the

 

requirement

 

is

 

for

 

the

 

top

 

plate

 

only

 

to

 

be

 

designed

 

and

 

manufactured

.

 

As

 

the

 

jig

 

is

 

already

 

conformed

,

 

this

 

will

 

reduce

 

the

 

conformity

 

activity

 

required

 

at

 

the

 

end

 

of

 

the

 

project

.

£

15

,

000

With

 

the

 

cost

 

of

 

the

 

top

 

plate

 

and

 

its

 

machining

 

forecast

 

to

 

cost

 

£

5

,

000

,

 

this

 

project

 

will

 

be

 

on

 

budget

.

Hole

 

Positioning

Initial

 

design

 

wil

 

be

 

created

 

from

 

existing

 

and

 

verifed

 

LOPA

 

aircraft

 

installation

 

drawings

.

 

The

 

hole

 

positions

 

will

 

be

 

drilled

 

by

 

CNC

 

machine

 

once

 

the

 

design

 

has

 

been

 

verified

.

 

This

 

will

 

ensure

 

that

 

the

 

+/

-

 

0

.

010

"

 

machining

 

tolerance

 

applies

.

 

Standard

 

aircraft

 

parts

 

will

 

be

 

used

,

 

so

 

parts

 

will

 

be

 

available

 

within

 

the

 

business

 

and

 

the

 

Production

 

Team

 

will

 

be

 

familiar

 

with

 

how

 

to

 

install

 

the

 

seats

 

using

 

the

 

standardised

 

method

Drilling

Unit

 

Installation

Interface

 

Adapters

Interface

 

adapters

 

will

 

be

 

the

 

standard

 

aircraft

 

parts

.

 

The

 

machining

 

of

 

the

 

top

 

plate

 

will

 

have

 

to

 

be

 

outsourced

 

due

 

to

 

capacity

 

issues

 

in

 

Safran

,

 

although

 

a

 

prefered

 

supplier

 

is

 

already

 

in

 

place

.

 

M

.

E

.

 

support

 

will

 

be

 

available

 

as

 

the

 

design

 

will

 

utilise

 

already

 

existing

 

LOPA

 

drawings

,

 

reducing

 

the

 

demand

 

on

 

the

 

M

.

E

.

 

department

.

 

The

 

plate

 

will

 

increase

 

the

 

height

 

of

 

the

 

jig

 

by

 

over

 

an

 

inch

,

 

placing

 

the

 

overall

 

height

 

at

 

18

".

 

The

 

jig

 

is

 

also

 

oversized

 

for

 

what

 

we

 

need

,

 

taking

 

up

 

additional

 

floor

 

space

.

 

The

 

jig

 

is

 

already

 

levelled

,

 

but

 

should

 

the

 

jig

 

need

 

to

 

be

 

moved

,

 

the

 

only

 

way

 

to

 

re

 

level

 

it

 

is

 

to

 

lift

 

the

 

3

 

tonne

 

jig

 

and

 

place

 

shims

 

under

 

the

 

foot

 

fittings

.

 

The

 

top

 

plate

 

would

 

have

 

to

 

be

 

sourced

 

from

 

an

 

external

 

supplier

.

Machining

 

Equipment

M

.

E

.

 

Support

Physical

 

Dimensions

Levelling

Top

 

Plate

Health

 

and

 

Safety

 

at

 

Work

 

Act

This

 

solution

 

would

 

conform

 

to

 

all

 

H

&

S

 

legislation

 

as

 

all

 

sharp

 

edges

 

must

 

be

 

removed

 

post

 

manufacture

.

 

Working

 

at

 

height

 

regulations

 

would

 

have

 

to

 

be

 

reviewed

 

due

 

to

 

the

 

height

 

of

 

the

 

newly

 

modified

 

jig

.

Working

 

at

 

Height

 

Regulations

Current

 

Drawings

Although

 

the

 

drawings

 

for

 

the

 

top

 

plate

 

do

 

not

 

exisit

,

 

the

 

LOPA

 

drawings

 

do

 

and

 

are

 

verified

 

as

 

correct

.

 

Working

 

from

 

these

 

will

 

save

 

time

 

during

 

the

 

design

 

phase

.

 

The

 

company

 

has

 

a

 

list

 

of

 

prefered

 

suppliers

Solution

 

2

Dimensional

 

Analysis

 

Accuracy

Modify

 

Surface

 

Table

Criteria

Additional

 

Information

Supports

 

Solution

Justification

Feasibility

 

 

Total

 

Score

Yes

 

(

3

)

Maybe

 

/

 

Partially

 

(

2

)

No

 

(

1

)

 

 

 

 

 

Does

 

it

 

Meet

 

the

 

Original

 

Scope

?

Time

 

Frame

Budget

Technical

 

Knowledge

Materials

 

and

 

Resources

 

British

 

Standards

Information

 

Sources

,

 

so

 

although

 

one

 

is

 

required

,

 

the

 

company

 

will

 

be

 

verified

 

for

 

efficiency

 

and

 

cost

.

Supplier

Total

 

Score

 

 

 

42

Maximum

 

Score

 

 

 

54

3

3

3

3

3

3

3

3

3
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9
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2
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1

1
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Feasibility

 

Percentage

78


image54.wmf
Airframer

 

Specification

As

 

this

 

is

 

a

 

new

 

jig

,

 

the

 

design

 

and

 

manufacture

 

can

 

be

 

controlled

 

to

 

provide

 

a

 

stack

 

up

 

of

 

tolerances

 

of

 

machined

 

pasrts

 

to

 

be

 

+/

-

 

0

.

020

".

 

This

 

will

 

meet

 

the

 

manufacturing

 

demand

,

 

however

,

 

an

 

additional

 

1

 

hour

 

per

 

seat

 

must

 

be

 

allocated

 

for

 

installation

 

and

 

removal

 

of

 

the

 

seat

 

from

 

the

 

jig

.

 

The

 

Production

 

Team

 

will

 

be

 

familiar

 

with

 

the

 

installation

 

process

 

and

 

apartaus

,

 

but

 

additional

 

training

 

should

 

also

 

be

 

provided

.

Manufacturing

 

Demand

Production

 

Team

Apr

-

20

With

 

a

 

projected

 

completion

 

time

 

of

 

10

 

weeks

,

 

this

 

solution

 

will

 

be

 

within

 

the

 

alloted

 

time

 

frame

.

£

15

,

000

With

 

an

 

initial

 

estimated

 

budget

 

of

 

£

11

,

000

,

 

this

 

soultion

 

will

 

be

 

within

 

budget

,

 

with

 

additional

 

funds

 

available

 

if

 

required

.

Hole

 

Positioning

Initial

 

design

 

wil

 

be

 

created

 

from

 

existing

 

and

 

verifed

 

LOPA

 

aircraft

 

installation

 

drawings

.

 

The

 

hole

 

positions

 

will

 

be

 

drilled

 

by

 

CNC

 

machine

 

once

 

the

 

design

 

has

 

been

 

verified

.

 

This

 

will

 

ensure

 

that

 

the

 

+/

-

 

0

.

010

"

 

machining

 

tolerance

 

applies

.

 

Standard

 

aircraft

 

parts

 

will

 

be

 

used

,

 

so

 

parts

 

will

 

be

 

available

 

within

 

the

 

business

 

and

 

the

 

Production

 

Team

 

will

 

be

 

familiar

 

with

 

how

 

to

 

install

 

the

 

seats

 

using

 

the

 

standardised

 

method

.

Drilling

Unit

 

Installation

Interface

 

Adapters

Interface

 

adapters

 

will

 

be

 

the

 

standard

 

aircraft

 

parts

.

 

The

 

machining

 

of

 

the

 

top

 

plate

 

will

 

have

 

to

 

be

 

outsourced

 

due

 

to

 

capacity

 

issues

 

in

 

Safran

,

 

although

 

a

 

prefered

 

supplier

 

is

 

already

 

in

 

place

.

 

M

.

E

.

 

support

 

will

 

be

 

available

 

as

 

the

 

design

 

will

 

utilise

 

already

 

existing

 

LOPA

 

drawings

,

 

reducing

 

the

 

demand

 

on

 

the

 

M

.

E

.

 

department

.

 

This

 

will

 

require

 

floor

 

space

 

allocated

 

to

 

the

 

new

 

dimensional

 

analysis

 

jig

.

 

The

 

jig

 

will

 

be

 

designed

 

with

 

adaptable

 

foot

 

fittings

 

to

 

ensure

 

that

 

it

 

can

 

be

 

levelled

 

on

 

any

 

surface

,

 

should

 

the

 

jig

 

need

 

to

 

be

 

moved

.

 

The

 

top

 

plate

 

would

 

have

 

to

 

be

 

sourced

 

from

 

an

 

external

 

supplier

.

Machining

 

Equipment

M

.

E

.

 

Support

Physical

 

Dimensions

Levelling

Top

 

Plate

Health

 

and

 

Safety

 

at

 

Work

 

Act

This

 

solution

 

would

 

conform

 

to

 

all

 

H

&

S

 

legislation

 

as

 

all

 

sharp

 

edges

 

must

 

be

 

removed

 

post

 

manufacture

.

 

Working

 

at

 

height

 

regulations

 

will

 

be

 

covered

 

as

 

the

 

height

 

of

 

the

 

jig

 

can

 

be

 

controlled

.

Working

 

at

 

Height

 

Regulations

Current

 

Drawings

Although

 

the

 

drawings

 

for

 

the

 

top

 

plate

 

do

 

not

 

exisit

,

 

the

 

LOPA

 

drawings

 

do

 

and

 

are

 

verified

 

as

 

Solution

 

3

Dimensional

 

Analysis

 

Accuracy

New

 

Jig

 

Design

Criteria

Additional

 

Information

Supports

 

Solution

Justification

Feasability

 

 

Total

 

Score
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(
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)

Maybe

 

/

 

Partially

 

(

2

)

No

 

(

1

)
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Scope

?

Time

 

Frame

Budget

Technical

 

Knowledge

Materials
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Resources

 

British
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Information

 

Sources

correct
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Working

 

from

 

these

 

will

 

save

 

time

 

during

 

the

 

design

 

phase

.

 

The

 

company

 

has

 

a

 

list

 

of

 

prefered

 

suppliers

,

 

so

 

although

 

one

 

is

 

required

,

 

the

 

company

 

will

 

be

 

verified

 

for

 

efficiency

 

and

 

cost

.

Supplier

Total

 

Score

 

 

 

46

Maximum

 

Score

 

 

 

54
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# Issue Photo

1 Jig has missing fixing screws which has allowed the 

track to move, violating the track to datum spacing 

tolerance.

2 Jig uses tracks set at different heights to prevent 

clashes between variants.

3 MDF is potentially unsuitable as a material for the 

jig. Where the MDF has had channels cut, this has 

removed the top protective layer exposing the 

unprotected MDF material. Staining indicates the 

area has been exposed to moisture which has led 

to localised swelling of the material.

4 Fixings were proud of the track, protruding into the 

foot fitting locating area. This could prevent 

installation of the unit at these points, damage the 

foot fitting which could lead to corrosion or 

introduce a bias in the height of the unit.

5 Tracks show signs of damage/wear from repeated 

use. For the jig to have a good working life, the jig 

to unit interface point should be made from 

replacable parts to reduce costs and manufacture 

in a sustainable manner.
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Hole Number | Axis (¥) (mm) | Axis (x) (mm) | Axis (1) ()] Axis () ()
1 27145 -37.30 10.69 -147
2 373.05 -37.30 14.69 -1.47
3 576.25 -37.30 2269 -1.47
a4 893.75 -37.30 35.19
5 1096.95 -37.30 43.19
6 1198.55 -37.30 47.19
7 227.00 26.18 8.94
8 306.38 26.18 12.06
9 455.60 26.18 1794
10 1014.40 26.18 39.94
11 1163.62 26.18 45.81
12 1243.00 26.18 48.94
13 27145 18810 10.69
11 27145 188.10 10.69
15 27145 213.50 10.69
16 27145 213.50 10.69
17 27145 238.90 10.69
18 27145 238.90 10.69
19 227.00 432.50 8.94
20 306.38 432.50 12.06
21 455.60 432 50 17.94
22 1014.40 A132.50 39.91
23 1163.62 432.50 45.81
24 1243.00 432 50 4894
25 373.05 192.90 14.69
26 1096.95 492.90 43.19
27 373.05 51830 1469
28 1096.95 518.30 43.19
29 27145 597.70 10.69
30 373.05 597.70 14.69
31 576.25 597.70 22.69
32 893.75 597.70 35.19
33 1096.95 597.70 43.19
34 1198.55 597.70 47.19
35 27145 645.32 10.69
36 1198.55 545.32 47.19
37 27145 670.72 10.69
38 1198.55 670.72 47.19
39 373.05 696.10 14.69
40 1096.95 596.10 43.19
41 373.05 721.50 14.69
42 1096.95 721.50 43.19
43 227.00 838.81 8.94
44 306.38 83881 12.06
15 455.60 838.81 17.91
46 1014.40 838.81 39.94
47 116332 83881 45.80





image61.png
48 1243.00 83881 48.94 33.02
19 27145 873.92 10.69 3441
50 1198.55 873.92 47.19 3441
51 27145 89932 10.69 35.41
52 1198.55 899.32 47.19 35.41
53 27145 924.72 10.69 3641
54 1198.55 924.72 47.19 36.41
55 27145 1080.30 10.69 42.53
56 373.05 1080.30 14.69 4253
57 576.25 1080.30 22.69 42.53
58 893.75 1080.30 35.19 42.53
59 1096.95 1080.30 23.19 4253
60 1198.55 1080.30 47.19 42.53
61 576.25 1204.10 2269 47.41
62 893.75 1204.10 35.19 4741
63 373.05 1229.50 14.69 1841
64 57625 1229.50 22.69 4841
65 893.75 1229.50 35.19 48.41
66 1096.95 1229.50 43.19 48.41
67 373.05 1254.90 14.69 4941
68 1096.95 1251.90 43.19 9.1
69 27145 1407.31 10.69 55.41
70 1198.55 1407.31 47.19 55.41
71 27145 1132.72 10.69 56.41
72 1198.55 1432.72 47.19 5641
73 227.00 1448.28 8.94 57.02
71 306.38 1148.28 12.06 57.02
75 455.60 1448.28 17.94 57.02
76 1014.40 1448.28 39.94 57.02
77 1163.62 1448.28 45.81 57.02
78 1243.00 1448.28 28.94 57.02
79 27145 1458.12 10.69 57.41
80 1198.55 1458.12 47.19 57.41
B1 27145 1559.72 10.69 6141
82 576.25 1559.72 22.69 6141
83 893.75 1559.72 35.19 61.41
84 1198.55 1559.72 47.19 61.41
85 27145 1585.12 10.69 62.41
B6 373.05 1585.12 14.69 62.41
87 576.25 1585.12 22.69 62.41
88 893.75 1585.12 35.19 62.41
B9 1096.95 1585.12 23.19 62.41
) 1198.55 1585.12 47.19 62.41
91 373.05 1610.50 14.69 63.41
92 1096.95 1610.50 43.19 63.41
93 27145 1689.90 10.69 66.53
94 373.05 1689.90 14.69 66.53
95 576.25 1689.90 22.69 66.53
96 893.75 1689.90 35.19 66.53
97 1096.95 1683.90 23.19 66.53
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98 119855 1689.90 47.19 66.53

99 27145 171212 10.69 67.41
100 1198.55 171212 47.19 67.41
101 27145 1737.52 10.69 68.41
102 1198.55 1737.52 47.19 68.41
103 373.05 1788.30 14.69 70.41
104 1096.95 1788.30 43.19 70.41
105 373.05 1813.70 14.69 7141
106 1096.95 1813.70 43.19 7141
107, 227.00 1854.59 8.94 73.02
108 306.38 1851.59 12.06 73.02
109 455.60 1854.59 17.94 73.02
110 1014.40 1854.59 39.94 73.02
111 1163.62 1854.59 45.81 73.02
112 1243.00 1854.59 28.94 73.02
113 27145 1966.12 10.69 77.41
114 1198.55 1966.12 47.19 77.41
115 27145 1991.52 10.69 78.41
116 119855 1991.52 47.19 78.41
117 27145 2016.92 10.69 79.41
118 373.05 2016.92 14.69 79.41
119 1096.95 2016.92 43.19 79.41
120 1198.55 2016.92 47.19 79.41
121 373.05 2042.30 14.69 80.41
122 1096.95 2042.30 43.19 80.41
123 576.25 2118.50 22.69 83.41
124 89375 211B.50 35.19 8341
125 57625 2143.90 22.69 84.41
126 893.75 2143.90 35.19 8441
127 27145 2194.72 10.69 8641
128 1198.55 2191.72 47.19 86.41
129 27145 222012 10.69 87.41
130 119855 222012 47.19 87.41
131 227.00 2260.90 8.91 89.01
132 306.38 2260.90 12.06 89.01
133 455.60 2260.90 17.94 8901
134 1014.40 2260.90 3991 89.01
135 1163.62 2260.90 45.81 89.01
136 1243.00 2260.90 48.94 89.01
137 27145 2321.90 10.69 91.53
138 373.05 2324.90 14.69 91.53
139 576.25 2324.90 22.69 9153
140 893.75 2324.90 35.19 91.53
141 1096.95 2324.90 23.19 91.53
142 1198.55 2324.90 47.19 91.53
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NOTES:

1. ALL HOLE LOCATIONS/HIGHLIGHTED BLUE ARE TO BE DRILLED AND TAPPED TO ACCOMODATE AN M8
INSERT.

2. ALL HOLE LOCATIONS/HIGHLIGHTED PINK ARE TO BE DRILLED AND TAPPED TO ACCOMODATE AN M5
INSERT.

3. ALL HOLE LOCATIONS/HIGHLIGHTED GREEN ARE TO BE DRILLED AND COUNTERBORED TO
ACCOMODATE AN M6 X 30.00MM SOCKET HEAD BOLT.

4. ALL HOLE LOCATIONS/HIGHLIGHTED RED ARE TO BE DRILLED TO AND TAPPED TO ACCOMODATE AN
M10 INSERT.

5. ALL HOLE LOCATIONS/HIGHLIGHTED ORANGE ARE TO BE DRILLED AND TAPPED TO ACCOMODATE AN
M6 GRUB SCREW.

5. OVERALL FLATNESS TOLERANCE OF ASSEMBLY +/- 0.010" APPLIES.
6. GENERAL MACHINE TOLERANCE +/- 0.005" APPLIES, FROM THE DATUM (CENTER LINE).

7. REMOVE AND DEBURR ALL SHARP EDGES.
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NOTES:
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