ATOM Encoder Process Defects
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[bookmark: _Toc131167133]Introduction
Renishaw is an engineering company most notably known for its high precision metrology and additive manufacturing technologies. The products manufactured by Renishaw allow for their customers to achieve a high degree of precision control and reliability. One of Renishaw’s most popular products is the ATOM encoder series. The ATOM encoder is a miniature incremental encoder which incorporates a high level of signal stability, dirt immunity and reliability.
This encoder is manufactured via an automated process which little human intervention. One of the key benefits of the automated manufacturing process is that it allows for high production volumes at a reduced cost compared to other encoder products.
One of the issues with automating a manufacturing process that requires a high degree of accuracy is that it can be difficult to achieve the necessary standards. A consequence of this is a high cost of quality. To reduce the cost of quality of this manufacturing process the problematic areas need to be identified and improved. For more detailed images of the process see the Appendices section of this report.


[bookmark: _Toc131167134]Define
[bookmark: _Toc131167135]Problem Statement
In November 2022 Renishaw plc manufactured 10,000 ATOM encoders. During this time 500 ATOM encoder units needed to be scrapped off during the ‘coring’ stage of the process. This is where the encoder is indexed, and a PCB is fitted. The reason for the scrapped units is due to a range of different failure modes throughout the manufacturing process. One of the consequences of this was that cost of quality for that month was £15,000. Multiple customer orders were also missed during this period which may influence future profits as it is likely those customers will buy from competitors instead.
[bookmark: _Toc131167136]Process Mapping
The coring process of the ATOM encoder can be broken down into two main elements. These are ‘Index to Body’ and ‘PCB to Body’. Below is a breakdown of the ‘Index to Body’ process:
1) Index to Body
a) Body is fed into the robotics cell via a conveyor.
b) Camera on the robot arm checks the body before the robot transfers the body to the shroud press station.
c) Shroud is fed into the press station via a conveyor.
d) Vacuum nozzle picks up shroud and places it in the body.
e) Shroud gets pressed into the body using a plunger.
f) Robot presents body with the shroud into it to a fixed camera in the cell for a vison check.
g) After vision check glue is dispensed into the body ready for an index to be place.
h) Vacuum nozzle on the robot arm picks up an index and places it into the body.
i) Adhesive is cured using UV light.
j) Robot presents the complete unit to the fixed camera for a vision check.
k) Indexed body in placed into a tray on a conveyor ready to be transferred to PCB to Body.

2) PCB to Body
a) Body is picked from tray and glue is dispensed into it.
b) Robot presents the unit to a fixed camera inside the cell to complete a vision check on the glue dots.
c) PCB is cut from the panel with a pneumatic spindle and then gripped by the robot.
d) PCB is placed into the body.
e) Unit is then put into the Auto Alignment Jig (AAJ) so that the PCB can be aligned with the index.
f) Adhesive is then potted in four corners on top of the PCB to secure it in place.
g) The glue is then cured using UV light.
h) The robot presents the completed unit to a fixed camera in the cell to check for defects.
i) Unit is placed into the tray on the conveyor ready to be transferred out of the machine.
Based on the above breakdown a process map can be created to obtain a visual representation. Process mapping is a useful tool that can be used to simplify the process and identify the area where improvements can be made.
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[bookmark: _Toc131167137]Index to Body Process Map
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[bookmark: _Toc131167096]Figure 1 - Index to Body Process Map


[bookmark: _Toc131167138]PCB to Body Process Map
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[bookmark: _Toc131167097]Figure 2 - PCB to Body Process Map


[bookmark: _Toc131167139]Voice of the Customer/Critical to Quality
It is important to consider the voice of the customer during the define phase to understand their requirements which will be critical to the quality of the product, in this case ATOM. Customers can be internal or external to the business. In this case an example of an internal customer would be the Test Rigs department who would use ATOM to test other encoder products. In the below table the voice of Renishaw customers has been translated into a list of requirements that will be critical to quality.
	Verbatim
	Need
	Requirement

	“We require products with a short lead time”
	Reliable supply chain
	Reliability

	“We want a competitively priced product"
	Reasonably priced product
	Cost

	“Encoders need to be high accuracy”
	High accuracy products
	Accuracy



Now that the voice of the customer has been taken into consideration and requirements have been determined these can be used as points that are critical to the quality of the product manufactured during the process.
[bookmark: _Toc131167140]Project Scope
To ensure the success of the project it is important to outline the scope at the beginning. Below the project scope is defined. This is split up into two sections. These are ‘Within Scope’ and ‘Outside of Scope’. The reason for this is so that if the scope does begin to creep during the project this can be referred to in order to keep the project on track.
	WITHIN SCOPE
	Engineers and technicians within the Assembly Development Engineering (ADE) group will work together to identify the highest failure mode during the ATOM encoder manufacturing process and the causes for this. A solution will then be developed to reduce failures and increase the efficiency of the process.

	OUTSIDE OF SCOPE
	Other high failure modes may be identified during the analysis phase of this project however, due to resource restrictions only the highest failure mode will be investigated in depth.




[bookmark: _Toc131167141]Project Schedule
	KEY MILESTONE
	START
	FINISH

	Project ‘Kick Off’ (Form Project Team/Preliminary Review/Scope)
	04/11/2022
	14/11/2022

	Define Phase
	14/11/2022
	16/12/2022

	Measurement Phase
	16/12/2022
	20/01/2023

	Analysis Phase
	20/01/2023
	17/02/2023

	Improvement Phase
	17/02/2023
	03/03/2023

	Control Phase
	03/03/2023
	17/03/2023

	Project Summary Report and Completion
	17/03/2023
	27/03/2023




[bookmark: _Toc131167142]Project Gantt Chart
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[bookmark: _Toc131167098]Figure 3 - Project Gantt Chart
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[bookmark: _Toc131167144]Project Information
	PROJECT NAME
	PROJECT MANAGER
	PROJECT SUPERVISOR

	ATOM Encoder Process Defects
	Joseph McBride
	Paul Richards

	EMAIL
	PHONE
	ORGANIZATIONAL DEPARTMENTS

	joseph.mcbride@renishaw.com
	01443 221660
	Assembly Develop Engineering, Manufacturing

	GREEN BELTS ASSIGNED
	 
	 
	EXPECTED START DATE
	EXPECTED COMPLETION DATE

	Gareth Evans (Process Development Engineer) 
	04/11/2022
	27/03/2023



[bookmark: _Toc131167145]Project Overview
	PROBLEM 
OR ISSUE 
	500 ATOM encoder units needed to be scrapped off at the ‘coring’ stage of the manufacturing process during the month of November 2022. The units were scrapped due to a range of different failure modes at various stages of the process. This resulted in the cost of quality for that month being £15,000 and multiple customer orders were also missed during this period.

	PURPOSE OF PROJECT
	Identify what is causing the high failure rate during the ATOM manufacturing process and implement a suitable solution to reduce the cost of quality and make the process more efficient. The solution could potentially be implemented into other encoder manufacturing processes if it is identified to be a problem across the business.

	BUSINESS CASE
	Potential cost saving during manufacturing could be achieved because of this project. Also, increased efficiency of the ATOM manufacturing process and reduced lead times for customers because of this activity.

	GOALS/METRICS
	· Reduced Cost of Quality (CoQ)
· Increased Production Capabilities
· Decreased Lead Times for Customers
· More Efficient Manufacturing Process


[bookmark: _Toc131167146]Resources
	PROJECT TEAM
	Joseph McBride – Process Development Technician
Gareth Evans – Process Development Engineer
Paul Richards – Engineering Group Leader
	

	SUPPORT RESOURCES
	Assembly Development Engineering (ADE), Current Products Engineering (CPEG) and Manufacturing.



[bookmark: _Toc131167147]Benefits and Customers
	PROCESS OWNER
	Current Products Engineering (CPEG) 

	KEY STAKEHOLDERS
	CPEG, Manufacturing

	FINAL CUSTOMER
	Encoder Product Division (EPD) Manufacturing, Renishaw’s Worldwide Customers
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[bookmark: _Toc131167149]Measurement Variation Identification
Before beginning the data collection process, it is important to consider the factors that could cause measurement variation. One of the factors that could cause measurement variation during the ATOM coring process is the site that the process is based at. This is due to the ATOM manufacturing process being based at multiple Renishaw sites in the UK including the New Mills and Woodchester sites in Gloucestershire. The reason that this could cause measurement variation is because the environmental conditions at each of the sites are extremely unlikely to be the same therefore causing variation.
There are also multiple ATOM coring platforms which means there is likely to be variation between the rigs. To reduce the measurement variation the data should be collected from the same platform. Another source of measurement variation could be the calibration period of the equipment being used in the process. Equipment that has recently been returned from calibration is likely to be much more accurate than equipment that us coming towards the end of its calibration cycle.
The date and time of when the product was manufactured can also cause measurement variation due to temperatures and equipment differences therefore it is important to use data from a suitable time period. Measurement variation can also be seen between operators. This is due to operators having different approaches to tasks and human error. The measurement variation seen between operators should not be an issue in this instance as the manufacture of ATOM is automated.
[bookmark: _Toc131167150]Determine Data Type
The data type needs to be taken into consideration before a data collection plan can be put together. Various data is recorded during the build of an ATOM encoder. For example, a ‘Pass’ or ‘Fail’ result will be recorded in the results database against the serial number that has been built. If a unit is recorded as a ‘Fail’ then the failure mode will also be recorded alongside that. This data type can be categorised as qualitative binary data. The reason for this is that the variable can only be one of two options (Pass or Fail).
Quantitative discrete data is also recorded during the ATOM manufacturing process. This is also classified as ‘Attribute’ data. An example of attribute data being recorded is the adhesive dispense position which is being measured during the vision checks of the unit. This value is then stored in a database for traceability purposes. Continuous data is recorded by the ‘Auto Alignment Jig’ (AAJ) where electrical signals are measured on a PCB. The data is continuous since it can be any numerical value.
[bookmark: _Toc131167151]Data Collection Plan
This section contains a data collection plan which will help to ensure that the data collected will be relevant and will be useful during the analysis stage of the project. It is essential to take into consideration the problem statement and the project scope before outlining the data collection plan so that data will help to achieve the project goal. An example of data that would be relevant would be the number of units against each failure mode. The data collection plan can be found in Figure 4.
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[bookmark: _Toc131167099]Figure 4 - Data Collection Plan


[bookmark: _Toc131167152]Measurement System Analysis
It is important to consider measurement system analysis during this phase of the project as it is ideal that the results being captured are repeatable and reproducible. If a measurement system has good repeatability, then the same result will be obtained when measuring the same part multiple times. Good reproducibility is when the same part can be measured by various operators and the same result can be retrieved. Some of the factors that make a measurement system can be found in 
[image: ]
[bookmark: _Toc131167100]Figure 5 - Measurement System Overview (Tech Quality Pedia, 2021)
A good measurement system will have a small or no repeatability and reproducibility error. If the same part can be measured repeatedly by different operators using different tools or devices and the results are consistent, then it can be considered an accurate measurement system.
[bookmark: _Toc131167153]Data Collection
Once the data collection plan had been outlined it could then be utilised to retrieve the necessary data. All the data that needs to be collected is stored in an SQL server called ‘MSDProductionData’. The SQL database name is ‘Rig_Efficiency’ and the table name is ‘Simple_Results’. With this information the following SQL query can be put together to gather the data from the Index to Body platform.
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[bookmark: _Toc131167101]Figure 6 - Index to Body SQL Query
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[bookmark: _Toc131167102]Figure 7 - PCB to Body SQL Query
Between the dates specified in the query a sample size of 30 was taken for each of the processes. The reason for this is that 30 is a significant sample size in statistics to conduct analysis upon. Once the queries were executed the following data was obtained in Figure 7 and Figure 8.


	[bookmark: _Ref130223073]Product Name
	ATOM
	ATOM Index to Body Failure Modes
	Date
01/11/23 - 30/11/23
Sample Size
30 Units

	Jig ID
	RUK39951
	
	

	Collected By
	JM143599
	
	

	Test Type
	Production
	
	

	 Unit Serial
	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
	Total

	Failure Mode
	
	 

	Vision Checks
	Second Op
	0
	1
	0
	0
	1
	0
	1
	0
	0
	0
	1
	0
	0
	1
	0
	1
	1
	0
	0
	0
	0
	1
	1
	1
	0
	0
	0
	1
	1
	0
	18

	
	First Op
	1
	1
	0
	1
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0
	1
	1
	0
	1
	1
	1
	1
	0
	1
	0
	1
	1
	1
	1
	0
	1
	9


[bookmark: _Toc131167103]Figure 8 - Index to Body Pass/Fail Data
	Product Name
	ATOM
	ATOM PCB to Body Failure Modes
	Date
01/11/23 - 30/11/23
Sample Size
30 Units

	Jig ID
	RUK39952
	
	

	Collected By
	JM143599
	
	

	Test Type
	Production
	
	

	 Unit Serial
	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
	Total

	Failure Mode
	
	 

	AAJ (Auto Alignment Jig)
	Rideheight
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1
	0
	1
	1
	1
	1
	1
	0
	1
	1
	4

	
	PCB Midspan
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	0
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	4

	
	Lissajous
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	3

	
	Signal Size
	1
	1
	1
	1
	1
	1
	0
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	3

	Vision Checks
	Second Op
	1
	0
	1
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1
	1
	0
	1
	1
	0
	0
	1
	0
	1
	1
	1
	1
	0
	0
	1
	1
	0
	12

	
	First Op
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1
	0
	1
	4


[bookmark: _Ref130223080][bookmark: _Toc131167104]Figure 9 - PCB to Body Pass/Fail Data


From the Pass/Fail data collected for each of the processes the highest failure mode was able to be identified. This is displayed in Figure 9 and Figure 10 below.
[image: ]
[bookmark: _Ref130224717][bookmark: _Toc131167105]Figure 10 - Index to Body Failure Modes
[image: ]
[bookmark: _Ref130224726][bookmark: _Toc131167106]Figure 11 - PCB to Body Failure Modes
From these graphs it could be determined that the most common failure mode was the ‘Second Op’ vision check and that it was the highest source of failures between both Index to Body and PCB to Body processes. Data collected during this test is an X and Y coordinate of a glue dot which is a form of quantitative attribute data and can be found in Figure 11. The next stage involved obtaining the data from the ‘Second Op’ vision check but only for the PCB to Body process. The reason for this being that the data is not recorded in the results database for the Index to Body process which could be introduced in the future.
[image: ]
[bookmark: _Ref130308533][bookmark: _Toc131167107]Figure 12 - PCB to Body Second Op Vision Check Results


[bookmark: _Toc131167154]Analyse
[bookmark: _Toc131167155]Graphical Analysis Tools and Process Capability Assessment
With the data in Figure 11 a ‘Normality Test’ could be carried out on the data collected from the X and Y axis. This can then be used to determine whether the data set is normally distributed. Below in Figure 12 is the normality test for the X axis data.
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[bookmark: _Ref130310767][bookmark: _Toc131167108]Figure 13 - X Axis Data Normality Test
From Figure 12 it can be determined that the X axis data is not normally distributed. The reason being is that the P value is less than 0.05. Now that it has been confirmed that the data is not normally distributed an individual distribution analysis needs to be conducted to identify an analysis model that suits. This can be seen in Figure 13.
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[bookmark: _Ref130311208][bookmark: _Toc131167109]Figure 14 - Probability Plot for X Axis Data
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[bookmark: _Ref130312153][bookmark: _Toc131167110]Figure 15 - X Axis Data Goodness Fit Test
Figure 14 shows the ‘Goodness Fit Test’. Based on this the ‘Smallest Extreme Value’ model was chosen to proceed with. The reason being that P value is the highest and the AD (Anderson Darling) value is small. The smaller the AD values the better. An initial analysis of the X axis data could then be carried out based on the ‘Smallest Extreme Value’ distribution model. This can be in Figure 15.
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[bookmark: _Ref130312415][bookmark: _Toc131167111]Figure 16 - X Axis Data Process Capability
The X axis data analysis in Figure 15 shows a very poor process with large variation over the allowable specification of +/- 1mm. Now that the analysis has been completed on the X axis data the same process can be carried out on the Y axis data. This can be seen below in Figure 16 and 
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[bookmark: _Ref130380329][bookmark: _Toc131167112]Figure 17 - Y Axis Data Normality Test
Figure 16 shows that the P value of the Y axis data is greater than 0.05 so the data is normally distributed. This means a normal distribution capability analysis can be conducted to determine the process capability. This can be found in Figure 20.
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[bookmark: _Ref130381862][bookmark: _Toc131167113]Figure 18 - Y Axis Data Process Capability
The results shown in Figure 17 for the initial Y axis data show a very capable process with high Cp and Pp values, both being greater than two. This means the process is above 6 sigma.
[bookmark: _Toc131167156]Process Analysis Methods
There are various process analysis methods that can be utilised during the analyse phase to understand the data previously gathered in the measure phase.
	Why?

	High number of ‘Second Op’ X axis failures

	Why?

	Large variation over the allowable specification (+/-1mm)

	Why?

	Distribution either side of the optimal value

	Why?

	Adhesive dispense location varying between units

	Why?

	Position that the robot is in for adhesive dispense operation is not stable


[bookmark: _Toc131167114]Figure 19 - ATOM Second Op Adhesive 5 Whys
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[bookmark: _Toc131167115]Figure 20 - ATOM Second Op Adhesive Ishikawa Diagram
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[bookmark: _Toc131167116]Figure 21 - ATOM Second Op Adhesive FMEA


[bookmark: _Toc131167157]Review Analysis Methods
There are various conclusions that can be formed from both the process and graphical analysis methods demonstrated above. For example, conducting a normality test on the X axis data identified that the process had a non-normally distributed data set. The distribution model then identified a large variation over the X axis specification. After identifying the large variation in data for the X axis other analysis methods could be implemented to further investigate what the causes of the variation could be. The methods employed included 5 Whys, Ishikawa and FMEA. All of which helped to identify root causes of the issue. This will assist with introducing an improvement idea in order to resolve the high number of failures.
[bookmark: _Toc131167158]Sources of Variation Identification
The analysis methods utilised above have helped to identify multiple sources of variation within the process. Sources of variation can be categorised into the measurement device, environment, measurement strategy and user. Due to the ATOM encoder build being automated one of the major sources of variation, the user, can be reduced.
Based on the analysis conducted the likely sources of variation specific to the high number of ‘Second Op’ X axis failures is either the method or the equipment. The failures could then be due to several different reasons under these top-level categories. Based on the type of failure it seems likely that the position the adhesive is being dispensed in is inaccurate which is then causing the unit to fail at the vision check stage. A solution will need to be identified and deployed to improve this in the next phase.
[bookmark: _Toc131167159]Improve
[bookmark: _Toc131167160]Improvement Alternatives Generation
Now that the analysis phase has been completed a few improvement ideas can be generated with the aim of resolving the issue that has been identified. Three ideas that could potentially resolve the problem can be found below.
[bookmark: _Toc131167161]Idea 1
During the analysis of the data, it was identified that the stage that the unit would fail at is a vision check. This vision check could potentially be amended in order allow for an increase pass rate. The risk with this idea is that by updating the ‘Second Op’ vision check defective units may then pass. To implement this solution effectively historical images captured during the vision check will need to be studied before changes could be made. See Figure 22 in the Appendices for an example of the vision check programme.
[bookmark: _Toc131167162]Idea 2
To improve the ‘Second Op’ adhesive X axis data the pneumatic pressure of the dispensing valve could potentially be increased or decreased to vary the amount of adhesive that is dispensed upon the unit. This would involve weighing the quantity of glue being dispensed as the pressure is adjusted until the correct amount is dispensed and the vision check passes more frequently.
[bookmark: _Toc131167163]Idea 3
The ‘Second Op’ X axis data could potentially be improved by introducing a robot positional change to adjust the physical position of the adhesive dispensed on the unit. In theory this should correct the issues that are being highlighted with the vision checks. The current positions for the adhesive dispense can be found in Figure 23 of the Appendices section. Specific positions would need to be modified to achieve an improved X axis pass rate. These are ‘PICO_3’ and ‘PICO_4’. Based on the data collected in the measure phase the necessary adjustments can be made to the robotic positions mentioned above.
[bookmark: _Toc131167164]Improvement Idea Selection
Based on the above idea generation and discussions with colleagues it was determined that ‘Idea 3’ would be the most appropriate to proceed with. To proceed with this idea, the revised positions for ‘PICO_3’ and ‘PICO_4’ needed to be calculated. The process for this involved driving the robot to the positions mentioned above and dispensing adhesive at the locations specified. Once the glue had been dispensed and cured the vision check would be performed on the unit. After a suitable position had been found it was then set within the robotics programme. The part of the code in question can be seen below in Figure 22.
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[bookmark: _Ref131087551][bookmark: _Toc131167117]Figure 22 - 'PICO_3' & 'PICO_4' Programme
[bookmark: _Toc131167165]Cost/Benefit Analysis
The aim is that the improvement will also bring the following improved cost and benefits. The cost of the final unit can be found in Figure 23.
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[bookmark: _Ref131089824][bookmark: _Toc131167118]Figure 23 – ATOM Unit Cost
With the increased yield expected from the improvements it is highly likely that there will be significant cost savings as a result. The improvement also aims to increase the process capability which means more units can be manufactured and customers’ orders will be met within a reasonable time.
Another benefit that could potentially come about because of this improvement is that other processes that utilise automation equipment will also be investigated and improved using the techniques and tools that have been implemented throughout this report.
[bookmark: _Toc131167166]Improvements Validation
With the change now implemented the improvement requires validation. To validate the improvement a batch of 30 units would be run through the process and monitored closely to see if the data set obtained had improved. The data obtained can be found in Figure 24.
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[bookmark: _Toc131167119]Figure 24 - X Axis Improved Data
Now that the revised X axis data has been obtained a normality test can be performed to see if the data set has now improved. This can be found in Figure 25
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[bookmark: _Ref131090465][bookmark: _Toc131167120]Figure 25 - X Axis Improved Normality Test


It can be determined from the normality test on the improved data that the distribution is now normal compared to a non-normal distribution that was found on the original data set. This means a normal process capability distribution can be conducted. This can be found in Figure 26.
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[bookmark: _Ref131090772][bookmark: _Toc131167121]Figure 26 - X Axis Improved Data Process Capability
Based on the data that has been obtained since the improvement was implemented it suggests that the changes made have been successful and the process is now a lot more capable than it was before. This therefore validating the changes that have been introduced. The process will now need to be monitored closely following these changes. The monitoring to take place will be defined in the control phase.
[bookmark: _Toc131167167]Control
Now that the improvement has been implemented it will need to be monitored. Therefore, a procedure needs defining to control the improvement that has been implemented. In this case the data produced during the manufacturing process is already monitored daily and reviewed during production meetings therefore if there were to be an anomaly with the improvement it would be identified in a reasonable timeframe.
If the changes made needed to be rolled back, there is a backup of the rig software stored in the remote repository. This means the previous version of software code be uploaded with ease with minimised production downtime.
Once the changes have been fully validated and the necessary data has been collected a Process Change Authorisation (PCA) can be raised to permanently implement the improvement. The PCA will then need to be signed off by the appropriate personnel and approved for production use.
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[bookmark: _Ref131080475][bookmark: _Toc131167123]Figure 28 - Current Robot Adhesive Dispense Positions
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[bookmark: _Toc131167124]Figure 29 - ATOM Automation Cell
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[bookmark: _Toc131167125]Figure 30 - ATOM Robot Gripper Assembly
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[bookmark: _Toc131167126]Figure 31 - ATOM Body & Shroud
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[bookmark: _Toc131167127]Figure 32 - ATOM Body & Index
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[bookmark: _Toc131167128]Figure 33 - ATOM Indexed Body
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[bookmark: _Toc131167129]Figure 34 - ATOM Body and PCB
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[bookmark: _Toc131167130]Figure 35 - ATOM Cored Unit
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[bookmark: _Toc131167131]Figure 36 - Auto Alignment Jig (AAJ)
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