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Abstract

During this report, I will be investigating the established way of manufacturing putter heads that are currently used in Golf. Carrying out research in to the current process and hardware used as well as materials. For the remainder of the report I will be looking in to the possibility of using an alternative additive manufacturing process and new material for the production. 
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Traditionally Additive Manufacturing (AM) has been used for the production of prototypes in the early design stages. However, in recent years methods of AM such as 3D printing have been used for the final manufacturing products as they offer more flexibility when working with intricate designs.  
For this report I have chosen to investigate the manufacturing of putter heads used in the sport of golf. There are many designs of putter heads, these are commonly variants of the two most popular type of putter, these being the blade style and the mallet style head. Both have their advantages and disadvantages which vary depending on the player (due to difference in swing styles and preference etc). 
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A golf putter is the most essential tool for any golf player. It is the only club that is needed on every single hole of the golf course and therefore the most frequently used. For this reason, it is essential that the putter meets the following functional purposes: 
· Continuously striking a golf ball whilst maintaining its full structural stability, this means that once the golf ball has been struck the face should remain level maintaining a flat striking surface. 

· When the putter strikes the golf ball the golf ball should travel in a line perpendicular to the face of the golf ball at the point of impact.  
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Putter heads are currently made from a variety of materials varying from aluminium to jade. The most common material used for the manufacturing of golf clubs, including putters is stainless steel. There are a few reasons that stainless is the most popular, the most obvious and the biggest advantage of using stainless is that it is relatively inexpensive to purchase for the properties that it offers, such as being resistant to corrosion and having a strength to weight ratio. 
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To complete all the processes for manufacturing the putter heads the following hardware is required: 
Rolled lengths of stainless steel – The main consumable for making the heads.
Conveyor – A conveyor is used for feeding the required length of material into the band saw for cutting.
Horizontal band saw – Used for cutting long lengths of material, such as steel, to the required length. The conveyor and band saw will require a software pre-programmed with a sequence used for cutting lengths.  The number of cuts before the cutting element wears will have to be calculated so that it is replaced when needed for maximum efficiency. 
CNC machine – This will require users with the correct training for both the programming and the operation of the machine. 
End mills / Slot Drills – Tools will need to be frequently changed by trained operators to keep a consistent finish. 
Hydraulic press – Training will be required for all operators to prevent over pressurising. 
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There are a few manufacturing processes that are currently used for the making of golf putters. According to the television series ‘how it’s made’ episode on the making of golf putters (episode 306), the following steps are used:
[image: ]
1. A band saw is used to cut lengths of material for the putter heads at the beginning of the process. 



[image: ]
2. These cut lengths of metal are then inserted into a Computer Numerical Control (CNC) machine where they are then Milled using a series of cutters of different diameters and lengths to the desired design. This is pre-determined by the programming of the CNC machine; this process takes 10 minutes. 


[image: ]

3. If the putter requires an insert for the purposes of its design, the insert will be made as a separate component but will also go through the same process of being machined through CNC.


4. [image: ]Part of the CNC machining process measures the cavities created during the machining process for quality assurance reasons. 

5. The following step requires the putter heads to be coated. This is achieved by inserting the putter heads into chemical baths, one chemical bath containing elements of copper to prep the putter head for plating. The other contains elements of nickel which gives the head its final look. 
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6. Glue is then manually inserted into the putter head where the insert is placed before manually being through a press where the insert is pressed flush with the club head. 
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I have chosen 3D printing for the additive manufacturing process. This method of manufacturing uses powdered metals of various materials and a high-power laser to bind these particles together in predetermined locations. The process works by building up the design in sintered layers. Due to the current manufacturing process of putter heads intricate designs cannot be easily achieved. However, this is not the case for my chosen additive, 3D printing allows for intricate designs to be created as well as maintaining structural stability. 
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For the additive material I have chosen aluminium. There is a plethora of reasons why I have chosen this material over the common stainless steel. Aluminium has the highest weight to strength ratio; this is highly desirable in golf clubs as it improves the feel and lowers the weight of the overall golf bag which is often carried. Despite being a strong material, aluminium is soft feeling this is also desirable for a putter, although still allowing the consumer to feel the impact of the golf ball on the club face it is not as harsh. Although aluminium is typically more expensive than that of stainless steel, consumers in golf are willing to spend over the typical for something of better quality. 
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Laptop – A laptop with the specifications capable of running designing programmes such as Solidworks or inventor will be needed and should be properly maintained.
Antivirus software – For the safekeeping of customer personal data and designs they should be well protected using capable antivirus software. 
Computer Aided Design Software – This software should be used by a fully trained operator. 
3D Printer – A printer capable of using aluminium should be obtained and well maintained. 
Aluminium powder – This is the consumable to be used with the 3D printer, the use of this material should be limited to those who have had the training to handle it.
Basic cleaning equipment – This equipment is for the removal of excess metal powder. 
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Different to the original process, the putter heads will be manufactured with the input of the customer prior to the design. The consumer will meet with a designer and discuss design ideas for the putter head so to personalise to their needs, the designer will ensure that the putter design meets the criteria of the Golf regulations in terms of size and fairness in competition. 
Once the design has been agreed upon the designer can take the specification away and using a 3D modelling software can begin to develop the putter head. Once completed, the design will be prototyped using a cheaper material (plastic for example), this prototype will be used to find any discrepancies and to ensure customer satisfaction. Any amendments that needed will be made at this point and another prototype created before final product is manufactured using the AM process. 
[image: Taylormade Ghost Spider S Putter]https://grabcad.com/library/taylormade-ghost-spider-s-putter-1
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	Speed

	The current method requires multiple work stations developing different aspects of the putter head. Even though made in bulk, this is a time-consuming method of manufacture.
	The majority of the physical manufacturing of the putter head is completed on the 3D printer, this increases production speed. However, as the putter head offers personalisation, the process of design is slower in this aspect. 

	Accuracy

	Due to the amount of stages before the final product is finished, there are many areas in which discrepancies can occur. There are more instances where components need to be manually fixed therefore more chance of human error.  
	3D printers will create what has been sent to them through the CAD software, making it highly accurate. If discrepancies do appear this will be due to the initial design process. 

	Intricacy

	Although intricacy in this process are achievable, they have to be correctly engineered as you are limited by the tools available on a CNC machine for instance. 
	This is one of the biggest advantages when using this process, 3D printers can produce very intricate designs without affecting the mechanical structure of the putter head. This means that the options for personalisation and design aspects are almost limitless. 

	Waste

	This process creates a lot of waste metals, the rolled steel is bought in bulk in a standard size therefore requires a lot of machining. Thus, creating copious amounts of waste. 
	As the process almost develops a component from scratch instead of shaping from an original length of steel, the amount of waste produced is low. 

	Safety

	There are far more steps that require the use of manual handling in this process, this automatically increases the chances of an injury to an employee as they are often in contact with the work piece. 
	There are limited amounts of manual handling involved in comparison to the current process. For this reason, this method of manufacture is a lot safer than the current. The product itself is also safer as it is lighter to carry due to the material being aluminium.

	Efficiency

	Again, due to the manner in which this process works there is often time wasted between process steps, whether it be setting up the component correctly or the actual physical transportation of the component. 
	3D printing is very efficient, there is no time wasted in-between work stations as well as it being reasonably fast to manufacture. The downfall in this process is the delays in design, however, this is what makes the product personal to the consumer.  

	Customisation 

	As this process manufactures in bulk, the putter heads are not customisable to the individual at the time of production. 
	This process is used to manufacture personalised products for the individuals. The customisations of the putter are only limited by that of the Golf rules standards. 

	Cost

	The cost of using this process is relatively cheap in manufacturing terms as the product is in made in bulk and uses a cheaper material (stainless steel).
	Despite using a costlier material to manufacture the limited amount of process steps are cost saving as well as an increase of profit margin for personalisation. 
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In conclusion I have investigated in to how golf putter heads are currently manufactured and have looked in to the improvements that manufacturing using additive manufacturing could offer. 
My research has shown that AM has clear advantages over the current manufacturing process, especially when being used for the designing and production of more personalised golf putter heads. Although speed is affected by the design process when using AM, it still shows clear advantages in all other aspects that have been researched except for cost. Cost however will not have a great effect on the product as golf clubs are renowned for being on the more expensive side and personalisation adds value to the individual and makes the putter more desirable. 
For the reasons above I believe that using additive manufacturing and in particular 3D printing is a process that could improve the current method of putter head production.    
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