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Abstract
The following is the second task in the Manufacturing and Design module.
This assignment is a design study to develop an already existing 3 Jaw Gripper end effector.
The original concept has been critically evaluated to show any design flaws.
The assignment covers manufacturing design tools such as DFA and DFM which have been used to optimise the design of the Gripper. 
The material selection choice and manufacturing processes have also been discussed.
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[bookmark: _Toc43209993]Introduction

The following assignment is about a design of a 3-jaw-gripper from the initial pre-concept design that had been started. The assignment uses manufacturing design tools such as design efficiency and the Lucas method to determine the parts that could be omitted for design for x considerations. Manufacturing techniques have also been considered along with the material choices for a cost-effective product.
The final concept has been developed with design for assembly as the main criteria. The design efficiency along with Lean Manufacturing principles should also make the product manufacturable in an environment without waste.
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[bookmark: _Toc43313895]Fig. 1 Gripper assembly design




[bookmark: _Toc43209994]History of Gripper

The first successful controllable gripper was developed by a student called Victor Scheinman in Stanford University in 1969. Today many aspects of the design are still used in robotic gripper arms.
[image: ]
[bookmark: _Toc43313896]Fig. 2 First controllable gripper
(Hulgard, 2020)

Today with modern technological advancements robotics are used in all aspects of life and are key to the manufacturing industries. With so many different types of operations that a robotic arm can perform, there are a variety of end of arm tooling that can be used to accommodate the operations. Some examples of end of arm tooling are the electrical gripper, magnetic grippers and suction cups.
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[bookmark: _Toc43313897]Fig. 3 Modern day end of arm tooling
(Bernier, 2013)
[bookmark: _Toc43209995]Design 

The pre concept 3-Jaw-Gripper was critically analysed using a Cause and Effect diagram.  The 3 claws will open and close on a central axis when the lead screw or threaded bar is moved back and for. 
[image: ]
[bookmark: _Toc43313898]      Fig. 4 Cause and effect diagram








After the analysis there were clearly design issues and problems with concept.  
· There were fasteners missing from the concept that holds the attachment bars.
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· There was no thought about design for manufacture with the awkward parts.
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· There was nothing to stop the gripper from over movement.
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· Weight hadn’t been taken into consideration.
· Design for assembly wasn’t considered with poka yoke.
· Design for X needs to be considered with unnecessary parts.
· Geometry of the jaws and angles may have been considered.
· Cost could be reduced with off the shelf parts.
[bookmark: _Toc43209996]SMART
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[bookmark: _Toc43313899]Fig. 5 The SMART objectives
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[bookmark: _Toc43313900]Fig. 6 Gantt Chart
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	[bookmark: _Hlk43137586]Part classed as A
	Part classed as B

	Motor
	

	Cylinder
	

	Worm
	

	Jaw
	

	
	Link

	
	Stop

	Motor shaft
	

	
	Drive plate

	
	Fastener onto jaw

	
	Fastener onto thread

	
	

	
	A/(A+B) X100

	
	50% efficiency



[bookmark: _Toc43313901]Fig. 7 Design efficiency of pre-concept

After determining which components are classed as A or B, we can see that the pre-concept design is currently only 50 % efficient.	

The easiest way to reduce any manufacturing costs is to try and eliminate any parts that are deemed unnecessary. If parts are eliminated this will involve less purchases and reduced inventory as well as making the assembly easier and quicker. Whenever possible standard components should be used as these are mass produced and therefore will be readily available.
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[image: ]
[bookmark: _Toc43313902]Fig. 8 FMEA




Using an FMEA it is noticeable that problems can easily occur through the sheer amount of parts that are used. Whether the parts are left out or not fitted correctly the problem could be severe and the operation could go on stop or parts could be damaged. From this information design for assembly will be optimised by a reduction in parts being used. Operator errors will be reduced as well as the time of process and manufacturing engineers. Time will be saved by a reduction in parts by all departments including logistics with fewer parts to store and allocate to the manufacturing lines.

[bookmark: _Toc43209999]QFD
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[bookmark: _Toc43313903]Fig. 9 Basic QFD
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	Part classed as A
	Part classed as B
	Manual 
Handling
Analysis
	Manual
Fitting
Analysis

	Motor
	
	1
	1

	Cylinder
	
	1
	1

	Worm
	
	1.5
	2.9

	Jaw
	
	1.9
	2

	
	Link
	1.9
	4.8

	
	Stop
	1
	4.8

	Motor shaft
	
	1.7
	4.3

	
	Drive plate
	2
	9.6

	
	Fastener onto jaw
	1
	8

	
	Fastener onto thread
	1
	8

	
	
	14
	46.4


[bookmark: _Toc43313904]Fig. 10  Lucas method
Using the Lucas DFA method, it shows us that the drive plate along with fasteners onto the jaw and the thread are the difficult parts with the highest score. 

[bookmark: _Toc43210001]Ideas

After taking into consideration the design efficiency and Design for Manufacture, the idea not to use the connecting bars was perused. This would help the assembly of the gripper as there would be less parts to assemble and less possibility of the parts being inserted incorrectly. The jaws themselves would be kept in the finished design they would need to be modified and a new way of moving them was needed.  Using a mechanical cam was an idea where the jaw could be built upon to give a cam effect.
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[bookmark: _Toc43313905]Fig. 11 Jaw with cam


The Cam idea would be difficult though for assembly as there would be 3 arms and this would be difficult to Poka Yoke.
An idea occurred after looking at a children’s toy which had a very basic gear. 
[image: ]
[bookmark: _Toc43313906]Fig. 12 Basic gear



Using gears on the gripper was a way of potentially losing all the connecting bars.
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[bookmark: _Toc43313907]Fig. 13 Gear ideas


The idea of adding gears on top of the jaws would make it very compact inside the body of the gripper and this would hinder any preventative maintenance or worse case reactive repairs.
It was then decided that adding the gears to the main body of the jaws would be a good idea.
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[bookmark: _Toc43313908]Fig. 14 Jaws with gear



The first concept didn’t work as there wasn’t enough space inside the gripper to have the gears and the linkage bars. So, a revolve cut was used to enable space inside.

[image: ]
[bookmark: _Toc43313909]Fig. 15 Jaw design with gear

The teeth didn’t need to go all the way around the jaw as there wasn’t need for that much movement as the angle of the grip was determined by the jaw. With this design some parts were no longer needed.

	Part classed as A
	Part classed as B

	Motor
	

	Cylinder
	

	Worm
	

	Jaw
	

	Motor shaft
	

	
	Fastener onto thread

	
	

	
	A/(A+B) X100

	
	83% efficiency



[bookmark: _Toc43313910]Fig. 16 New design efficiency
The design efficiency of the new concept is now 83 % compared to 50% in the original concept.


[bookmark: _Toc43210002]Manufacturing techniques

After researching different manufacturing processes, it has been decided that the main collar for the 3-jaw gripper will be formed through an injection moulding process. Injection moulding is a process that leads to a moulded plastic component being made. The machine used for injection moulding comes in two parts. The injection unit and the clamping unit. The mould will have been made by a toolmaker prior and the two pieces of the mould are clamped together and fitted to the machine. Raw plastic pellets and a choice of colour are loaded into the hopper. A large reciprocating screw which is motor driven will turn and at the same time the pellets which have been melted through a heater will get driven by the screw into the two pieces of mould until there is enough plastic to fill it.
[image: ][bookmark: _Toc43313911]Fig. 17 Injection Moulding







(Kek, 2020)
There are lots of advantages for using injection moulding. 
There isn’t a lot of waste left over in the injection moulding process. The waste will be the plastic that is used in the sprue which is the guiding plastic piece from the machine into the mould. The runners are the channels from the sprue to the parts themselves. These are dependent on how many parts are cast into the mould and finally there are gates that connect to the runners to the amount of parts in the mould. These again are dependent on how many parts there are.
[image: ]
[bookmark: _Toc43313912]Fig. 18 Example of waste
The good thing with using injection moulding and a thermoplastic is that the left over or waste can be used again. The plastic left from the sprue, runners and gates is broken down and added into the hopper. The process for reusing the waste is called regrind. The regrind process can also be used if any of the moulds are rejected for defects. 
(Varotsis, 2020)
The other very important thing about using injection moulding is that the process is extremely repeatable so every part will be identical more so with computer aided machine which rules out any operator error. The use of a machine to automate the process will also keep the costs down.
Fillers can be added to the plastic to give extra strength and this combined with the detailed that can be achieved is advantageous. Injection moulding uses high pressure, and this ensures that plastic is forced into all parts of the mould no matter what level of detail they have.
There are disadvantages to injection moulding which need to be taken into consideration. There tends to be a long lead time with the process. This is mainly down to the design of the tool that will be used to form the shape. The mould will need to be designed and the design will need to be verified by drawings before it gets sent to a third-party tool maker to manufacture the mould on CNC machine. Like most designs there will be iterations and updates before the final prototype is deemed correct. This however makes it almost impossible for any design changes in the future as the tool will be made from steel or aluminium and is hard to rework especially if pieces need to be added to the tool.
The jaws of the gripper will be manufactured using the additive manufacturing process or 3D printing as it is often referred to. As the jaws themselves are the unique part of the design they can be changed to suit the needs of the gripper. 3D printing is a far quicker process than injection moulding and the lead time can be reduced by weeks.  With 3D printing the design can often be designed in house using a CAD package. This then gets adapted using slice software and gets printed using the 3D printer. A lot of companies have invested in their own printers so there is no need to use a third party for the design of the tool and the parts can be manufactured in-house.  The jaws of the gripper are the parts that have the most exposure and will be most likely to be the part that could be damaged during the grippers use. Using an in-house 3D printing procedure will enable the company to produce a new jaw there and then to get the machine back up and running. This will stop any long term down time caused by waiting for a replacement.
Keeping the weight of the gripper to a minimum will also be key to productivity as the lighter the gripper the faster the machine will be able to operate. The weight will also cause less wear and tear and the motor that will be driving the gripper will be under less strain.
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[bookmark: _Toc43313913]Fig. 19 Sls printing
(Kek, 2020)

Using 3D printing will also be easier if any design iterations are needed as they can be amended on the CAD package as there is no tool required. This is also useful if any changes need to be made as any problems will be caught at the start of the process. Using 3D printing to manufacture the jaws will also stop any damage being done in the grippers process such as scratching, as plastic will dampen force unlike metal parts.
The actual process of 3D printing will take longer than injection mould, but the printers can be automated and can run 24 hours.


[bookmark: _Toc43210003]Materials

The jaws themselves, as decided earlier, are going to be manufactured using additive manufacture in this case Selective Laser Sintering. The material chosen for the process is Nylon PA12. Nylon PA12 is widely used as it has high precision so the jaws will be produced accurately. As well as high impact strength Nylon PA12 also has low density so this help with the overall weight.  As the gripper will be used as a picking mechanism there is a good chance it could be used in the food industry. Nylon PA12 has met the standards required to work in this field. Awkward geometry such as the gears are easily achieved using this material. A good finish can also be achieved as Nylon PA12 can be sandblasted and polished. 

[image: ]
[bookmark: _Toc43313914]Fig. 20 PA12 properties
(2013)
[bookmark: _GoBack]
The collar is going to be produced through injection moulding process and the material to be used will be Polyurethane. Polyurethane is light plastic which will help with keeping the overall weight to a minimum. It has a good impact resistant and is a strong material. Polyurethane resists low temperatures and as well as high ones. Another important factor is the resistant to oil and grease as the collar will be attached to the motor and under fault conditions there could be a leak.  The process of using polyurethane in injection moulding allows any complex geometry to be achieved as the plastic flows easily through the moulds.

[image: ]
[bookmark: _Toc43313915]Fig. 21 Polyurethane properties











[bookmark: _Toc43210004]Lean Manufacturing

When production of the 3-jaw-gripper has gone through all the relevant product development process sign off gates and is ready for manufacturing, Lean concepts will need to be taken into consideration. Lean techniques reduce costs by eliminating waste as well as having high standards of quality. Using the acronym DOWNTIME helps understand what the principles of Lean will hopefully eliminate.
Defects - Removes any inaccurate parts that are produced.
Overproduction – stop overproducing parts.
Waiting – less time waiting for parts, machines.
Non-utilisation of staff – make sure the skill sets are used by the current workforce.
Transportation – minimise the movement of parts to different locations.
Inventory – keep the stock levels to customer demand.
Motion – minimise the movement of operators.
Extra processing – remove duplication in the process.
The above can be analysed and removed using a flow process which looks closely and decides which operations or tasks are classed as either an operation, inspection, transportation, delay or storage.  A waste walk along with a spaghetti diagram can also determine which steps are classed as non-value added.
Another Lean concept that will be used in the production process to streamline any waste is 5S.
Sort – decide which tools are needed and red tag or throw away the ones not used.
Set - everything should have a place and tools should be in shadow boards.
Shine – the workplace should always be kept tidy.
Standardise – the practice should be consistent and standardised throughout.
Sustain – maintain the previous 4s and make it part of working life.
(Wheat, 2003)
[bookmark: _Toc43210005]Final Design 
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[bookmark: _Toc43313916]Fig. 22 Final Design

The final design for the gripper has been developed so that the jaws remain the same length and have the same angles. The jaws have been modified so that they have teeth as part of their body.

[image: ]
[bookmark: _Toc43313917]Fig. 23 Original concepts


This change will mean that the threaded bar will now drive the jaws directly so there is no need for the threaded plate and the linkage bars and the intricate pieces attached to the threaded plate, which will minimise any error that was determined in the FMEA and Design for X. 


[image: ]
[bookmark: _Toc43313918]Fig. 24 Links no longer needed



The jaws will be held in place by standard off the shelf fasteners and will be able to slot into the grooves that are already on the collar.  
[image: ]
[image: ]
[bookmark: _Toc43313919]Fig. 25 Off the shelf fasteners


Off the shelf components are cheaper than bespoke ones and they are readily available so there will be no lead time.

[image: ]	
                                 Fastener





[bookmark: _Toc43313920]Fig. 26 Where fastener will go

The motor from the original concept will remain the same as it would be a bespoke part not only attaches to the 3-jaw-gripper but attaches to specific machinery that uses the robotics.

[image: ]

 A threaded bar is being used as the lead screw.  There are variety of threaded bar specialists so this can be bought in which will save lead times and keep the cost down.

Using standard components, they will have the BSI approval of quality and will also be interchangeable as the range is controlled. The quality of the material and accuracy is also guaranteed. Tolerances need to be considered for all aspects of the design. The threaded bar that gets assembled into the motor will use a hole basis system. The jaws themselves when they get placed onto the collar will have a clearance fit.


	Part classed as A
	Part classed as B
	Manual 
Handling
Analysis
	Manual
Fitting
Analysis

	Motor
	
	1
	1

	Cylinder
	
	1
	1

	Worm
	
	1.5
	2.9

	Jaw
	
	1.9
	2

	Motor shaft
	
	1.7
	4.3

	
	Fastener onto thread
	1
	8

	
	
	8.1
	19.2


[bookmark: _Toc43313921]Fig. 27 New Lucas method


The new design also has a far lower number of manual handling and manual fitting values. This will benefit the design for assembly.













[bookmark: _Toc43210006]Conclusion

The biggest design that has changed on the 3-jaw-gripper is to the jaws themselves. 

[image: ]
[bookmark: _Toc43313922]Fig. 28 Final design



The jaws now have the gears as part of the assembly. With the gears amalgamated onto the jaws the design efficiency has improved as there are now less parts needed. This will benefit in the design for manufacture by keeping costs down as there are less parts to order and less lead times to worry about. Also, the awkward piece that the threaded bar was inserted through is no longer required. Design for assembly has also been considered as there are less parts in the assembly process therefore making the assembly time quicker and less prone to errors such as mis alignment and missing parts.
On reflection the jaws themselves possibly need more stability than just being mounted with a fastener and touching the threaded bar, any impact may cause the jaws to go out of sync.
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