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The authors employer is a top tier COMAH (control of major accidents and hazards) chemical plant within the manufacturing sector. The company has three nickel electroplating plants. ‘Electroplating is an electrolytic process for depositing a layer of metal upon a substrate, to enhance the appearance or properties of a component’ (Rose, 2014). Canning, (1978) says, electrodeposition occurs when the article to be electroplated is immersed in a solution usually referred to as electrolyte and connected to a negative lead of low current D.C supply, thus becoming a cathode. To complete the electrical circuit, anodes are immersed in the electrolyte and connected to a positive lead. The potential applied between anode and cathode is the driving force for the transfer of charge across the metal solution interface. Currently, all nickel plated product is heat treated (annealed). This is a process to alter the microstructure of a material to reduce the hardness and reduce stress in the electroplated deposit. The product is then finished in a high energy centrifugal bowl with stainless steel media and an array of chemicals, to ensure that the finished product has acceptable lustre. Finished product is then formed into a final piece and sent to the customer.
However, copper plated products use pre annealed steel and have an acceptable surface finish to allow forming immediately after electroplating. The aim of this project is to achieve the same performance with our nickel plated products, to produce a ‘bright’ nickel surface that would eliminate the requirement to anneal and finish as-plated product.  The target level of brightness has been set as ‘as good as’ production quality samples. There are a number of commercially available brighteners and the purpose of this trial is to compare two different commercial brighteners for their lustre and corrosion resistance compared to standard product. Shlesinger and Paunovic (2000) state that modern bright nickel electroplating solutions employ combinations of additives over a wide range of current densities. The brighteners were selected based upon work previously conducted on a different product at the organisation, which had proven successful, but did not progress to full production (James, 2016).  After discussions with the supplier they recommended the most appropriate materials for the desired effect, based upon other users in similar markets. This project was the responsibility of the research and development department (R&D), taking it from lab scale to full production. This report focuses on the laboratory scale trials.
This report will reflect on the experience of working in a team, how the project was managed and planned, areas of concern before the project along with some issues which were not foreseen.
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Projects generally have primary objectives in the implementation and support of specific goals. These general terms however, as reported by Elias (2016) are not always congruent with research and development projects. A SMART method is widely cited in project planning states Bjerke (2017), although it was first developed within management systems. The ‘specific, measurable, assignable, realistic and time-related’ (SMART) method was first introduced by Doran (1981). Comparing this project to the model: -
Specific - The project aim was not very specific, produce a ‘bright’ nickel surface ‘as good as’ production quality samples. ‘As good as’ was not defined.
Measurable - No measure was distinguished at the time that the project was conceived. 
Assignable - Tasks within the project were assigned, so did have some correlation to the method. 
Realistic - Whether it was realistic or not was the purpose of this part of the project, it was unknown whether this would work on an electroplated nickel article. 
Time related – As this was part of a research and development project, time was not essential. 
 Often, research and development projects are executed in conditions where it is often unknown, how to determine whether a goal or objective has been achieved (Kisielnicki, 2014).  For this reason, the SMART approach does not always align with the R&D project brief.
[bookmark: _Toc9074865]2.1  Team

As this project was to be carried out by research and development, a small functional team from within the department was created. Below is a table (Table 1) illustrating the members of the team with job titles and their role within the team.

	Name 
	Title
	Role

	G Hibbert
	Chemical Engineer
	Project engineer/ Chemist

	C Martin
	R&D Manager
	Project manager/ co-ordinator

	A Collier
	R&D Process Technician
	Project technician/ Process specialist

	S Rogers
	Head of R&D
	Project sponsor





          (Table 1)
Tuckman (2001) came up with a model, most frequently cited as ‘forming, storming, norming and preforming’. Tuckman (2001) proceeds to describe each of these stages:
· Forming – This is where the team are first assembled and the task is allocated. Time is spent planning, collecting information and bonding. 
· Storming – Relationships between team members will be made or broken during this phase. These behaviours may serve as resistance to group influence and task requirements
· Norming – Resistance has been overcome, cohesiveness develops and personal opinions are expresses
· Performing – Interpersonal structure becomes the tool of task activities. Structural issues are resolved and a high level of respect will be noticed between team members.
As all members within this team have worked together previously and in some cases, for a significant amount of time, relational attitudes had already been established. According to Suprapto et al (2015), relational attitudes are formed by a process in which team members jointly create norms, rules and structures governing their teams, their working relationships and ways to determine issues emerging during the project, in order to bring about mutually satisfactory project outcomes. When these norms are in place, productivity is maximised in a positive setting and ensures all members feel valued and respected. Unlike rules, norms are guiding principles that are voluntarily followed (Spaulding, 2002).

[bookmark: _Toc9074866]2.2  Role 

Belbin (1981) describes how individuals generally have team roles which are understood by the other team members. Belbin’s Team Roles has been reproduced in appendix 1. As can be seen from appendix 2, when the author took part in a questionnaire developed by Dr R Meredith Belbin, which is designed to give participants a simple method of assessing their contributions in teams (Belbin, 2010), the score which was furthest above average was Monitor Evaluator.  Belbin (1981) claims, Monitor Evaluators are serious-minded individuals best suited to analysing problems and evaluating ideas and suggestions to determine their viability, so that the team is better placed to make balanced decisions. Although, the author was above average in three other areas of the questionaire, the major and most differentiated skills to develop a research and development project is based on specific knowledge in order to develop new products and the processes required (Vincent-Oliva et al, 2015). Having previously worked on electroplating projects, I was also considered the specialist on process within the project team. It was my responsibility to set parameters and to define a reliable method of carrying out trials of two proprietary additives on a laboratory scale. It was also the responsibility of myself to recommend techniques of analysis to enable the team to compare all the samples produced against one another and standard nickel plated product.


[bookmark: _Toc9074867]2.2.1   Method

The author designed two full factorial trials were carried out using the two different additives (Appendix 3). Each trial plan used three different substrates at two different additive concentrations and was repeated twice. The three different substrates used were a nickel brass, a pre annealed mild steel and copper plated mild steel. As a recommended concentration range and dosing rate were given for the additives in the technical data sheets.  For this screening exercise I chose to use the median of this range and 50% of the median to determine if the effect could be observed at significantly lower concentrations.
Electroplating then commenced in a one litre beaker as shown in figure 1.
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To enable the team to discern the difference between the trial pieces and standard product, the samples were performance tested in a number of ways. 
· Corrosion tested using various methods (standard used within the organisation)
· Immersed in tap water for 24 hours
· Immersed in 3.5% NaCl solution for 24 hours
· 24 hours in an environmental cabinet at 41oC and 100% humidity 
· Diffuse reflection measurement
· Specular reflection measurement

Schematic representation of specular vs diffuse reflection
[image: ]







(Figure 2)

It was critical to be able to compare all the produced samples against each other and standard product using scientific measures. To determine the relative brightness of the article, surface ultraviolet /visible reflectance measurements were deemed to be the most appropriate analytical techniques, as referred to by Doerschner (2011). Two methods were used to ensure that that results correlated using different equipment.

[bookmark: _Toc9074869]3.0   Project Management

White and Fortune (2002) state that the methodologies and components of project management are well documented in literature. Before a project is started, it must first be scoped. At the organisation documented in this report, the model used is named the Strategic Project Evaluation Model. See Appendix 5 for an illustration of this. The purpose of the Project Evaluation Model is to map the potential that the project has before it has begun.  
[bookmark: _Toc9074870]3.1   Risk Analysis  

In a study by White and Fortune (2002), results claim that only up to 41% of projects completed were successful. 
‘R&D projects are in the family category of both the hardest and most significant projects in the development of organisations and society’ (Kisielnicki, 2014)


An exercise was performed with the team in order to establish full information on the risks involved and whether these risks were acceptable or had to be mitigated against. This is referred to as the risk register. Table 2 has been produced to show two of the main risks associated with my role on the project. 


	Date Raised
	Project
	Risk  
	Impact
	L
	I
	Rating
	Risk Owner
	Risk Response

	01 April 2017
	005
	Materials selected will not provide an adequate finish to enable the removal of annealing and finishing.
	Unable to realise the benefit of Bright Annealed product.
	1
	4
	4
	AC
	Accept

	01 April 2017
	005
	Final product parameters - The more dense deposit will potentially yield a difference in EMS, if this is the case the product could only be used on new orders.
	As the new process could yield a material difference we need to verify EMS not significantly affected.
	3
	4
	12
	AC
	Mitigate


(Table 2)

The first risk in Table 2 refers to the proprietary additives. The chemistry of the brighteners is unknown, however, based on literature by Ciszewski et al (2004), they are suspected to be a mixture of surfactants and materials like saccharin due to their surface modification properties. This was considered to have a low likelihood, this was because the additive had previous use on a different product, with a large impact if the material selected was unsuccessful.
The second risk at this stage of the project was to do with the electro-magnetic signature (EMS) of the product. The products produced by the manufacturing organisation are verified using the unique EMS produced by the processes which the product undergo. If the EMS changed in any way due to this new process, consequently, only new customer products could use this process.  Both of these risks were considered critical to the continuation of the project. For that reason, both were written into stage gate 1. Grönlund et al (2010) declare that stage gate methodologies are recognized and embraced by many organisations world-wide, as method of bringing order to the process of product innovation. The process consists of a series of stop/ go stages where by milestone achievements are evaluated by the gate keeper, usually senior management or wider stakeholders, resulting in risk being effectively managed.

[bookmark: _Toc9074871]3.1.1  Unforeseen Risks

Initial baselines showed that the jig plating process produced significantly duller plate than standard barrel plating process, this is likely due to the tumbling physically removing any high areas and levelling the surface. This was not considered during the risk analysis. It was decided that trials continue, but standard blanks must be produced under the same conditions. 
The corrosion tests also produced unanticipated results. Due to the jig plating process producing natural floors in the electroplated article where contact was made. Although, as all samples were produced under the same condition, a comparison was able to be made, even though it does not mimic samples produced through the full production route.


[bookmark: _Toc9074872]3.2   Project time management

Project time management, especially the scheduling can become a key factor in whether a project is a success or fails. According to the Project Management Institute (2008) there are six processes to project time management, they are:
· ‘Define activities
· Sequence activities
· Estimate activity resources
· Estimate activity durations
· Develop a schedule
· Control schedule’
Activity duration estimation in R&D is difficult. Estimation methods are based on similarity to other activities, on experts’ judgement or on historical data as stated in Kuchta (2017). A GANTT chart for the laboratory scale section of the project can be seen in Figure 3, the actions which created the GANTT can be seen in Appendix 5. Also, note on the GANTT the grey bar along the top, this is the full length of the project.

[image: ]
(Figure 3)
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Samples plated using Additive 1 at both high and low concentration were visually significantly brighter than either baseline samples or standard production plated blanks, but duller than finished production blanks.
Samples plated using Additive 2 at both high and low concentration were visually significantly brighter than either baselines samples or standard production plated blanks and also brighter than finished production blanks. Samples produced using both additives were struck and had no discernible difference between each other. 
[bookmark: _Toc9074874]4.1    Diffuse Reflectivity Result

A snapshot of the samples run at the time showed that some of the samples had yielded brighter results than the standard product in the critical visible region of 390-700nm.

[image: ]
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A second set of samples were run on a Universal Reflectance accessory which gives a specular reflectance and as such would give us a much more representative idea of the gloss of the surface across a spectrum of wavelengths, not just general reflectivity.
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Comparing this project to the SMART objectives, it is perceived that R&D projects do not always follow all of the process steps within the method, as there are a lot of unknowns included within a research and development project. A great deal of R&D is based on theoretical concepts; this makes the managing of this type of project as described by Kuchta (2017). 
The stage gate process which was put in place for this project was very successful. This stage of the project was proof of concept, so the stage gate procedure was rigorous. It was vital to ensure that this part of the project was successful before further investment was committed to scaling up.
Fortunately, this project team work with each other regularly. According to Tuckman’s model, the team started the project between the norming and performing phase. There was cohesion in the group and what was expected of each team member was fully understood.
The results thus far indicate that the additives will yield a bright surface and taking into consideration the jig plating setup. There is confidence that the project can be scaled up to the pilot scale. This will determine the exact process parameters to yield a cost effective glossy finish to the ‘as plated’ product. An initial financial analysis based upon the recommended material usage is in Appendix 6, these assumptions would be challenged during the pilot scale phase.
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(Appendix 1)
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(Appendix 2)
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	StdOrder
	RunOrder
	PtType
	Blocks
	Substrate
	Additive conc
	Number of Blanks
	Current (A)
	Current Density  A/m2
	Plating Time (Hours)

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	15
	1
	1
	1
	NiBrass
	Low
	2
	0.03
	32.07
	4.58

	10
	2
	1
	1
	NiBrass
	High
	2
	0.03
	32.07
	4.58

	14
	3
	1
	1
	PAS
	High
	2
	0.04
	27.96
	5.25

	9
	4
	1
	1
	NiBrass
	Low
	2
	0.03
	32.07
	4.58

	5
	5
	1
	1
	Cu
	Low
	2
	0.06
	29.03
	5.06

	12
	6
	1
	1
	Cu
	High
	2
	0.06
	29.03
	5.06

	8
	7
	1
	1
	PAS
	High
	2
	0.04
	27.96
	5.25

	16
	8
	1
	1
	NiBrass
	High
	2
	0.03
	32.07
	4.58

	1
	9
	1
	1
	PAS
	Low
	2
	0.04
	27.96
	5.25

	6
	10
	1
	1
	Cu
	High
	2
	0.06
	29.03
	5.06

	18
	11
	1
	1
	Cu
	High
	2
	0.06
	29.03
	5.06

	3
	12
	1
	1
	NiBrass
	Low
	2
	0.03
	32.07
	4.58

	2
	13
	1
	1
	PAS
	High
	2
	0.04
	27.96
	5.25

	17
	14
	1
	1
	Cu
	Low
	2
	0.06
	29.03
	5.06

	11
	15
	1
	1
	Cu
	Low
	2
	0.06
	29.03
	5.06

	7
	16
	1
	1
	PAS
	Low
	2
	0.04
	27.96
	5.25

	4
	17
	1
	1
	NiBrass
	High
	2
	0.03
	32.07
	4.58

	13
	18
	1
	1
	PAS
	Low
	2
	0.04
	27.96
	5.25


 (Appendix 3)



(Appendix 4)
[image: ]










(Appendix 5)
[image: ]

(Appendix 6)
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