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Introduction

The manufacturing process to be analysed is the method to order an Opera Phenix Plus Confocal Microscope. The instrument is configurable by the customer in a multitude of ways as demonstrated in Appendix 1 and summarised below:
1. 4 different laser configurations with 4 or 5 high or low power laser wavelengths.
2. 2 iterations where the system is either enabled or not for a fluid dosing system called a pipettor. 
3. Environmental control system present or not. Which includes humidity, temperature and C02 control.
4. 1, 2, or 4 camera configurations for cell imaging. 
5. 3 Personal Computer (PC) hard drive space configurations. 
6. Laser wavelength bandpass filters in filter wheel assemblies, which is endlessly configurable by the customer, but will fundamentally change with the number of imaging cameras.
7. A range of accessories including cell plates, lab carts and a total of 9 different imaging objectives with varying magnification and utilising either an air or water medium.

The instrument customisation available increases sales as this flexibility ensures the instrument is appropriate for customer research applications and budget. However, for production, this business model is problematic. To reduce production lead times, the instrument will be manufactured to a customer quote, prior to the order being completed. Where the salesperson will create an instrument specification based on anticipated customer requirements before order completion. This regularly produces a configuration disparity between the expected order and the actual order, when it comes to fruition, resulting in several lean wastes.


[bookmark: _Toc172511224]Types of Lean Wastes Occurring in the Process

Taiichi Ohno a Toyota executive defined 7 types of lean waste during his tenure, described in the book Toyota production system: Beyond large-scale production. Published in 1978 in Japanese and translated to English in 1988. Ohno (2002) identifies the wastes of Overproduction, Waiting, Transportation, Over-processing, Inventory, Movement and Defects. The use of these waste identifiers in process analysis by Hines et al. (1999), Liker (2004) Womack et al. (2011), EL-Khalil and Zeaiter (2015) and Yarbrough et al. (2022) confirm the efficacy of Ohno’s process, concluding it as an appropriate methodology to apply to the manufacturing process in question.
[bookmark: _Toc172511225]Over-Processing
The highest impact to production from a lean wastes perspective for this ordering system is Over-Processing. Customer configuration changes between the quote and firm order stage are usually beneficial to the company, with the customers upgrading the instrument specification thus increasing the order total. However, unbeknownst to the customer, the instrument is fully assembled and in the testing phase when the order changes occur. Some changes, such as altering the PC configuration are less impactful to process flow compared to that of changing the number of imaging cameras in the instrument, which require multiple aspects of the system altered such as cabling, cable routing, altered internals of the internal instrument PC, filter types in the filter wheels and dichroic mirror changes. To amend the instrument configuration to the customer order, the test technicians transport the instrument to the build-technicians for the hardware revisions. This unnecessary technician strain is known as Muri and the poor process regularity and over-processing is known as Mura (Coutinho, 2018), (Radin Umar et al., 2023).
[bookmark: _Toc172511226]Waiting, Defects and Motion
Whilst the hardware revisions are being conducted, the testing technician is waiting for the instrument to be reconfigured and returned which induces the waste process of waiting. Furthermore, the build technicians, to change certain aspects of the instrument configuration, will have to conduct invasive component removals, akin to an engine removal in a car. The instrument build process is designed in a methodical approach to enable the most efficient process flow whilst optimising quality and ergonomics of part fitment from access to screws, wiring routings and space to fit components. Moving away from this fixed process flow to alter the configuration provides the opportunity for error in the form of Defects such as missed cable connections and incorrect hardware fitment.
[bookmark: _Toc172511227]Overproduction and Inventory
The system of reducing instrument lead times by building and testing to quotes allows the waste of overproduction. Once the instrument is completed and ready for shipment, the unit can await order completion and payment for several months before shipment. Furthermore, on occasion, the working to quotation system fails where the customer does not complete the purchase of the instrument. In this scenario, the bespoke instrument configuration is difficult to sell due to its individuality for customer requirements and may stay in inventory, another lean waste, until a buyer is found. The instrument, that has an average order cost of $1,000,000 occupies a large amount of manufacturing space for storage.

[bookmark: _Toc172511228]Motion
The additional process steps to reconfigure instruments for order changes, results in additional movements by technicians to disassemble and reassemble the instrument as the build and testing areas are separated and require transporting between these two areas. Furthermore, with the Over-Processing and the resultant inventory wastes, the instruments are to be moved to areas outside of the manufacturing area to the onsite stores area due the instruments large size.
[bookmark: _Toc172511229]Underutilised Talent
Although, as Ohno’s methodologies have developed over the years, the emergence of the lean waste of Underutilised Talent has come to light. It has no bearing on this issue thus far, unless the improvement recommendations identified in this report go unheeded.



[bookmark: _Toc172511230]Customer Value Analysis
In manufacturing, Value Added activities are defined as anything that “transforms the product into its final form” (EL-Khalil and Zeaiter, 2015) shown in Figure 1. From a manufacturing view, process value can be established by the means of Gemba Walks (Balle, 2019). However, from the customer perspective, what is defined as value is less distinct. This can be ascertained via customer feedback surveys. However, without access to this information, the categories outlined in meta-analysis by Santos et al. (2019) defining customer value will be used. The output categories are Quality, Cost, Emotional, Environmental, Innovation and Social.
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[bookmark: _Toc172510192]Figure 1: NVA Examples (EL-Khalil & Zeaiter, 2015).
[bookmark: _Toc172511231]Cost
The bottom line is a factor that is always considered during the purchase of any item. First and foremost, the acquisition cost of the instrument is high, therefore reducing this would be an attractive prospect to the buyer. Additionally, the lead time from purchase to the instrument being in use is of consequent. Due to the cost of the instrument, it takes much work and time to secure the funding for the instrument by the customer. Therefore, once the order has been placed, the customer is under pressure to evidence that the purchase was warranted by beginning research and producing results. Therefore, under the umbrella of cost, lies performance. The customer finds value in an instrument that can achieve the specification advertised, without any defects thus, minimising instrument downtime.
[bookmark: _Toc172511232]Environmental and Innovation
Some environmental factors may be valued by the customer, such as power consumption during use and other operating costs such as service and maintenance. Power consumption and reduced maintenance can be aided by innovating and using high quality components to ensure instrument efficiency and longevity. The customer will also find value in the customisation ability of the instrument as this allows them to take advantage of innovations that are of use to them.
[bookmark: _Toc172511233]Social and Emotional
Social and Emotional factors apply somewhat, where the customer may purchase the instrument as it is an attractive feature for research institutions portfolio, attracting employees that require such a microscope to conduct their cutting-edge research. However, Business to Business (B2B) sales differ to that of what models were studied in the meta-analysis by Santos et al. (2019), which focussed largely on value from a mass consumer perspective, where consumer culture such as how a product makes you feel should be analysed and considered, this is not as apparent into B2B sales where purchasing is motivated more by purpose and output. However, overall customer satisfaction could be considered as emotional, where Hines et al. (1999) states “customer perceived value relies on the overall customer experience” so the combination of all the above-named factors will contribute to emotional satisfaction.


[bookmark: _Toc172511234]Lean Evaluation

There are three defined types of Value. Value Added, Non-Value Added and Necessary Non-Value Added. This evaluation will outline recommendations for maintaining the Customer Value Added processes whilst aiming to reduce Unnecessary Non-Value Added processes based on the Toyota Production System (TPS) house, Figure 2.
According to the Deming Chain Reaction, a concept that describes how improving process quality, may require an initial financial outlay, however it will pay dividends in the long run by returning less rework, fewer mistakes, fewer delays and better use of machine time and materials, (Carrion-Garcia and Grisales, 2015), (Deming, 2018). As Figure 3 depicts, many of the quality concerns highlighted by Deming, are issues affecting the Opera Phenix ordering process. 
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[bookmark: _Toc172510193]Figure 2: TPS House (Allred, 2023).
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[bookmark: _Toc172510194]Figure 3: The Deming Chain Reaction (Deming, 2018)
[bookmark: _Toc172511235]Implement a Standardised Assembly Approach

Customisation is a Unique Selling Point (USP) of the instrument, it would be counterproductive to remove this ordering option. Therefore, standardising design and process components is advantageous (Liker, 2004). This can be in the form of specification level iterations. Such as a 1-camera option instrument would be more cost-effective with 4 low power lasers, no environmental control systems and no pipettor system. Whereas the 4-camera Opera Phenix would have a more premium base level specification with 5 high power lasers, environmental control and a pipettor system. The mid-range, 2-camera iteration specification would fall between these categories. The customisation ability comes in the form of non-invasive components that can be changed such as the PC storage capacity, configuration of filters and accessories.
The combination of offering customer customisation options for their individual research needs whilst protecting assembly process linearity, reduces the risk of significant order re-work, as the base level is non-changeable, balancing the production burden between the technicians, known as Heijunka, (Fritze, 2016). The remaining customisable features require non-invasive rework reducing the changes needed should order changes occur resulting in fewer defects. The benefits of the Poka-Yoke or failsafe method of eliminating the process step that causes error (Tague, 2005) can be compounded by other process alterations such as partner inspections to ensure works completed are correct, unique features or one-way fitments where correct part fitment is easier than the incorrect fitment.
Implementing the areas of the Jidoka Framework, lean waste mitigation and addressing the Deming chain reaction quality concerns will uphold the customer value of high instrument performance and a defect free instrument reducing maintenance costs and unscheduled breakdowns ensuring the instrument is in use for longer.
[bookmark: _Toc172511236]Adopt Just-In-Time (JIT) Principles
Although, adapting the Standardised Assembly method reduces the risk of defects. Last minute order changes are still suboptimal, introducing Waiting, Motion, Overproduction, Overprocessing and Inventory wastes. To remedy this, implementing Just-In-Time (JIT) or Kanban principles into the order process reduces these wastes whilst upholding customer value.
A JIT or pull system, where the final configuration of instrument specification only begins once a firm order is received. Adopting this method, prevents technician Waiting and excessive Motion as there are reduced order changes requiring rework. Additionally, the method reduces the potential for overproduction and inventory as once the instrument has completed manufacturing processing, it does not have to wait for the customer to complete their order or in the worst-case scenario, order cancellation.
One of the motivators for not adopting JIT principles thus far is to reduce excessive production lead times, which is of customer value. However, adopting the Standardised Assembly approach in addition to JIT principles will help reduce lead times with more accurate delivery dates by ensuring continuous process flow with little rework time introduced to the process, providing that the supply chain can cope with this manufacturing model (Choi et al., 2023).


[bookmark: _Toc172511237]Lean Problems

[bookmark: _Toc172511238]Implementation Costs

The failure rate of the introduction of lean systems, ranges between 70 and 90% in many industries (Balogun and Hope Hailey, 2004), (Mamoojee-Khatib et al. 2023). One reason for failure is the initial outlay for implementation of lean methods. Creating a new manufacturing method will require resource, such as creating new Standard Operating Procedures (SOP’s), updating software, employee training and new tooling, that requires a financial injection and increased labour absorption, negatively influenced by the potential reduction in sales during the transitional period to JIT manufacturing.
Producing a Lean Implementation Roadmap and conducting a cost-benefit analysis to ensure long-term savings outweigh initial expense outlay are suitable ways to plan the JIT strategy (Aycock, 2003). To reiterate, Achanga et al. (2006) states that for changes to be effective, “the implementation costs and the subsequent benefits of lean manufacturing adoption, be projected upfront before they are able to commit”. Where “they” in this case are the members involved in the ordering and manufacture of the instrument.
[bookmark: _Toc172511239]Resistance to Change
Employee resistance to change is an issue that frequents any lean change management pathway (Socconini, 2023), (Jackson et al., 2024). However, the issues and their remedies are well documented by Watson (1971), Kanter (2003), Luecke (2003) and Kotter, (2012).
Employees might resist process changes due to the fear of unknown factors such as loss of control and economic uncertainty from implementation costs and process change, which could result in the loss of orders and their jobs. This can be remedied by education and communicating the reasoning for the changes. Highlighting that it is anticipated to lighten the overprocessing burden on the technicians and improve order throughput due to a more simplified manufacturing operation.
Furthermore, changes that are not effectively communicated can be seen as a surprise and ill thought out, leading to misunderstanding of the tasks and a lack of trust in management. It is therefore pertinent to create a team to facilitate the change with participation from all figures involved in the ordering and manufacturing of process. To effectively communicate this change outwards, the team selected must be balanced according to Belbin (2023) in the book Team Roles at Work. Belbin’s theory outlines 9 employee architypes that fall under the 3 distinct groups: Action, People or Thought orientated roles. A good balance of these personnel traits will create an effective team of volunteers with strong leadership to effectively communicate the purpose, pathway, requirement and reward for the change to the ordering process (Kotter, 2012), (Aranzabal et al., 2022).


[bookmark: _Toc172511240]Conclusion

The analysis of the manufacturing process for the Opera Phenix Plus, reveals several lean wastes: overprocessing, waiting, defects, overproduction and inventory. These wastes arise from instrument configuration changes late in the manufacturing process. These inefficiencies can be addressed by implementing standardised assembly approaches and JIT principles, where standardising instrument options and components will minimise rework and the introduction of faults, the JIT principles will prevent inventory and overproduction.
To ensure successful implementation, any potential challenges such as initial outlay and employee resistance must be addressed by clear communication backed by strong financial confidence in the change, communicated by a strong team, TPS implementation and a clear cost-benefit analysis. These improvements will optimise manufacturing process flow, decrease lead times and uphold customer value by delivering high quality, defect free instrumentation in a reasonable timeframe precisely configured for the customers research criteria.
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Cam1: 570630 nm Cam1: 465-530 nm Cam1: 465-530 nm Cam1: 465-530 nm
Cam?: 650-760 nm Cam1: 571-596 nm Cam1: 571-596 nm Cam1: 435-515 nm
A - Cam1: 605-630 nm Cam!1: 605-630 nm Cam2: 500-530 nm
Cam2: 570-630 nm
Shie Cam2: 500-530 nm Cam?2: 500-530 nm Cam2: 515-550 nm
4 Cameras Cam1: 435480 nm Cam1: 435-515 nm (HH14000341) Cam2: 515-550 nm Cam?2: 515-550 nm Cam3: 571-596 nm
Cam1: 435-560 nm Cam2: 650-680 nm Cam2: 650-680 nm Cam3: 605-630 nm
et Cam2: 690-720 nm Cam2: 690-720 nm Camd: 650-680 nm
Cam3: 570-630 nm
Camd: 650-760 nm Cam4: 690-720 nm
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- HH18000001 —Liquid Handling Option*

| vty
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. HH14000502 —Environmental Control Option
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* Requires HH14000502




image16.jpeg
Opera Phenix Plus —Build your own

0 Lasers e Cameras o Filters

DEQWERTZ 5

Options ‘ Country Kit e Accessories

UKQWERTY

HH14001608 —AUS, NZ
HH14001601 —-DE

HH14001609 -IL QweRTY

UKGWERTY

HH14001602 —UK

HH14001610 —-JP

USQWERTY

HH14001603 —US

USQWERTY

UsawerTY

HH14001604 —CN HH14001611 —Export =

TQWERTY,

HH14001605 -IT HH14001612 -CH, LI

DEQWERTZ,
AZERTY

EsaweRTY

HH14001606 —ES HH14001613 —~NORDICS

‘AzERTY

[] +H14001607 -FR BE HH14001614 —East Europe

re\/\/.t_y v





image17.jpeg
Opera Phenix Plus —Build your own

0 Lasers 0 Cameras o Filters e Options e Country Kit ‘ Accessories

HH14000401 —1.25x Air
NA 0.03, WD 4 mm (field of view: approx. 10 333 um x 10 333 pm)

HH14000402 —5x Air
NA 0.16, WD 12.1 mm (field of view: approx. 2583 ym x 2583 pm)

. v
HH14000403 —10x Air a
NA 0.3, WD 5.2 mm ffield of view: approx. 1292 pm x 1292 ym) N
D (°
Iy
HH14000405 —40x Air /
NA 0.6 WD 2.9 mm (field of view: approx. 323 pm x 323 pm) \—7
v

revvi t )4 Amotorised six position changer can automatically change objectives. The turret can be equipped with up to 3x air and \'2
up to 3x water immersion lenses.
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Include all activites that transform product into its final form

People Machine Material
- Waiting for Machine |- Unscheduled Maintenance |- Handling
None-Value [ :’,"‘g‘"" oduct |- SB““"“’? change over |- ¥°“¥
Added (Nva) | FRReequpment - \-Setuptime |- Transporting
- Sorting defects |- Excessive production - Sorting
- Repairing rejects |- Excessive Capacity - Stacking
- Inspecting product - Inspecting
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