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1. Introduction.
This report prepared by Barrie John will undertake a design review to develop a 3-Jaw gripper – end effector with a view of it being capable of completing a wide range of pick and place operations. The report will look at the gripper from a concept design through to the final design documentation.

2. Concept Design Appraisal.
This design will need to be able to carry out pick and place tasks in conjunction with manual operations being carried out alongside. It will need to be multi-functional with a wide range of uses from CNC Machining, assembly, welding, inspection to pressing and forming assistance.
 The following factors will need to be considered.
 Gripping strategy, consideration will need to be given to ensuring the gripper can be adjusted to hold a wide range of products from that being light and fragile to more robust and heavy products.
 Grip types, the design will need to ensure the type of gripper used is capable of multi-functional roles.
Tasks undertaken, grippers and robotic arms are these days used for varying tasks. The design will need to be able to accommodate this.
Flexibility, with modern grippers being multi-functional the gripper will need to be flexible to work in several different situations.
Better efficiency, the gripper will need to be able to bring better efficiency to tasks that are undertaken.

  The plan will be to engineer a gripper capable of this.
What is an engineer?
Many people have a different opinion of what an engineer is, but the most frequently mentioned definition of an engineer is related to construction and mechanics – and professions that put the role of building or fixing things rather than design, innovation or creativity. (Helen Marshall, 2007)

Quality.
To ensure that the customers’ needs, and requirements are met, a high-quality design is essential. One way to achieve this is with the development of a QFD (Quality Function Deployment).
The QFD is defined as a product planning matrix that is built to show how customer requirements relate directly to the ways and methods companies can use to achieve those requirements.
Benefits of developing a QFD include:
· A customer’s needs and requirements are established, then used to build and prioritize service offerings and products.
· Identifying customer needs and requirements, then ensuring they are achieved, leads to customer satisfaction and loyalty.
· Improving a company’s understanding of its customers, which can also lead to better customer utilization and improved overall sales. (quality, 2021)


IDENTIFYING BENCHMARK TARGET VALUES USING A QFD.
Establishing target values for each design requirement is necessary. This allows us to establish concrete goals for the design that engineers and further defines customer needs. These values must be measurable, and you can develop them from historical records, designed experiments, or analysis of what the competition is doing. Once agreed the target values are then entered on the horizontal axis with the design requirements. (quality, 2021)

Below is a QFD carried out for the design of the new gripper.
[image: ]

Component review.
At first look there are several issues with the concept design.
· There is no detail of the fixing needed to secure the gripper jaws to the cylinder.
· No clearance appears to have been taken into consideration for the gripper jaws allowing for a clash condition.
· The shaft for the motor and the worm is encased in the cylinder. This could be an issue with maintenance, replacements, etc.
· The design has the joint located to the side of the gripper jaws and not in the centre. This could be a weakness and place extra stress on the joints and fixings.
· The design dose not detail how the motor is secured to the cylinder.
· The design does not show if the jaws close completely.
· There looks to be a limited stroke with the jaws.


Target List for new design.
The new design will need consider the following.
· Health and safety of the gripper.
· Ease of gripper maintenance.
· Tolerance and correct clearance of components.
· Functionality of gripper for multiple uses

[bookmark: _Hlk73783760]Gripper Jaws.
The new design of the gripper jaws will need to have a tolerance built in for the location points to allow for any variation in the manufacturing of the jaws. A tolerance of +/- 1mm would be recommended. A chamfer will be required at the base of the jaw is needed to aid in assembly to the plate.

A re-design of where the jaw and joint are assembled will also be required to centralise the joint as the current design has the joint on the side of the jaw which then means the driving force is on one side of the jaw and could cause the jaws to twist over time. By centralising the joint in the jaw this will be eliminated.


[image: ]The centre of the gripper jaw to be machined out to allow the joint to be centralised. A chamfer is also required for the base.







What is tolerance?
Mechanical engineering, tolerances are used to set the allowable deviation from assigned dimensions. The main use of tolerances is to help ensure that the final product is readily usable and is a part of a larger assembly.

[bookmark: _Hlk73783893]Not setting a tolerance in a critical area may cause the part to be unusable according to the design intent, as each fabrication method comes with a certain level of inaccuracy.
[image: ] (Velling, 2020)


 Fasteners.
The new design will have quick release fasteners. This will allow for ease of maintenance and allow the gripper heads to be interchangeable making the gripper flexible and allowing it to be used for several rolls.
[image: ][image: ]Quick release fasteners.
The benefits of quick release fasteners.
Quick-release fasteners can be customised in terms of colour and design, they are maintenance-free, vibration-resistant and have a captive seal to prevent loss. In addition to standard models, custom designs can be developed. They offer innovative solutions and are ready to face any challenge regarding quick release technology. (Bollhoff, 2021)



Joint.
The joints will need to have the same tolerance as the gripper jaws built into the location holes for ease of assembly. A tolerance of +/- 1mm would be recommended. A poke yoke could be added to ensure the joints are assembled in the correct manner.
Cylinder.
While the concept design dose not state what material, the cylinder is to be made from this ideally should be plastic moulded as this would be the easiest and most repeatable process for a part like this. Just like the jaws and the joint the cylinder will need to have the same tolerance built into the location holes for ease of assembly. A tolerance of +/- 1mm would be recommended. The design will need to ensure that the cylinder is centralised with both the motor and drive plate.

Drive plate.
Just like the cylinder the drive plate should be a plastic mould. A tolerance of +/- 1mm would be recommended for the location holes. A twist lock can be moulded into both the cylinder and drive plate which will make for a quick and easy assembly process during manufacturing. As with the cylinder the drive plate will need to be centralised.
[image: ]This is a typical example of a moulded twist lock.


Motor.
For ease of manufacturing, I recommend the motor is purchased from an external supplier. Just like the cylinder and drive plate a twist lock is recommended for assembly between the motor and cylinder.

H&S.
A key safety feature of the gripper will be to ensure the health and safety of anyone who encounters it. One aspect of this will be to ensure the motor is capable of enough power to complete the required operations without causing harm should someone come into contact with the gripper jaws. It would be advisable to confirm the cobot arm has these safety features built in. This would be covered in the risk assessment.

It is required by law to protect your employees, and others, from harm.
Under the Management of Health and Safety at Work Regulations 1999, the minimum you must do is:
· identify what could cause injury or illness in your business (hazards)
· decide how likely it is that someone could be harmed and how seriously (the risk)
· take action to eliminate the hazard, or if this is not possible, control the risk. (Health and Safety Excecutive, 2021)


shaft and worm.
I have combined the design review of these as I believe the best design here is to manufacture these as one part. This will remove the need assembly in the cylinder and reduce the possibility of the shaft and worm coupling wearing over time. A nano coating could be added to the worm to reduce the wear of the worm.
	[image: ] Example of threaded shaft.	




3. Manufacturing process.
In this section I will look at the optimum processes for the manufacturing of the gripper. I will look at the preferred production processes to achieve maximum output with minimal costs based on producing between 1000 and 2000 parts per week.
There are two common ways of best laying out a manufacturing process.

1.Modular design.
A modular design is an approach for producing a product designing which is used to produce a complete product by combining smaller parts that are independent of each other. With the modular design approach, a complex product (for example, an automotive process such as a car) can be broken down and divided into smaller and simpler components that are independently designed and manufactured. Each of these individual components is then integrated (or assembled) together to form the final product. (Upadhyay, 2020)

2. Multifunctional design.
 Multifunctional design − a) top-level diagram showing coupled optimization of structures with embedded system, b) multi-material jetted concept prototype showing an optimized structural part that embeds an internal system (comprised of placed components and the associated routing) intended for the purpose of structural monitoring. (Ajit Panesar, 2017)
Product manufacturing.
In order to be competitive and profitable the business will need to produce the components and assemble the finished product in a minimal time frame while maintaining a quality product.
Motor.
 In order to reduce costs, I recommend the motors are purchased in, rather than manufactured in house.
Joints.
I propose these are pressed as this will produce I consistent part with high output. There will be the initial cost of purchasing a press tool.
Worn / shaft.
These could be purchased as lengths and machined back to the required size as this would help to reduce costs.
Jaws.
I recommend these be moulded. An insert could be used to help strengthen the moulding. This would allow for a repeatable process along with high output.

Cylinder.
This too will be a moulded process.

Drive plate.
This also will be a moulded process allowing the company to utilise the moulding machine to fill its capacity.

Fasteners.
These will be a bought in part as there are plenty of suppliers who offer a quality part at a reasonable cost.
With several components being moulded it would be recommended that the business purchases a moulding press. This would allow for the purchase of separate tools to manufacture the components which would reduce costs.

A modular design of the manufacturing process would be recommended as this would allow the business to be set up in two functions firstly, component manufacturing (mouldings and pressings etc.) and secondly the assembly process where the manufactured and bought out components can be assembled to make the finished product.

4. Design and Development.
FMEA.
First Begun by the U.S. military in the 1940’s, failure modes and effects analysis (FMEA) is a step-by-step approach for identifying all possible failures in a design, a manufacturing or assembly process, or a product or service. It is a common Process analysis tool.
"Failure modes" means the ways, or modes, in which something can fail. Failures are any errors or defects, especially ones that affect the customer, and can be potential or actual.

· "Effect’s analysis" refers to studying the consequences of those failures.
Failures are prioritized according to how serious they might be or how frequently they might occur, and how easily they can be detected. The purpose of the FMEA is to take actions to try and eliminate or reduce failures, starting with the highest-priority ones. (Quality, 2021)
Below is a failure mode and effect analysis that I have carried out for the gripper design.
	FAILURE MODE AND EFFECTS ANALYSIS

	Item:
	Cobot Gripper
	
	Responsibility:
	B.John
	
	FMEA number:
	1

	Model:
	V2
	
	Prepared by:
	B.John
	
	Page:
	1

	Core Team:
	B.John
	
	FMEA Date (Orig):
	15/05/2021
	Rev:
	1

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Process Function
	Potential Failure Mode
	Potential Effect(s) of Failure
	Sev
	Class
	Potential Cause(s)/ Mechanism(s) of Failure
	Occur
	Current 
Process 
Controls
	Detec
	RPN
	Recommended Action(s)
	Responsibility and Target Completion Date
	Action Results

	
	
	
	
	
	
	
	
	
	
	
	
	Actions Taken
	Sev
	Occ
	Det
	RPN

	Gripper Motor
	Motor tripped out
	gripper arm would not operate
	8
	 
	Loss of primary function
	8
	 
	10
	640
	Motors to be tested at assembly.
	Manufacturing
	 
	8
	1
	1
	8

	Motor Shaft
	wear / Damage
	gripper arm would not operate
	8
	 
	Loss of primary function
	8
	 
	8
	512
	Shaft to be nano coated to reduce wear
	Design
	 
	8
	1
	8
	64

	Gripper Arm
	Plate located to side of gripper arm
	Location fixing could break under pressure
	8
	 
	Loss of primary function
	10
	 
	10
	800
	Redesign gripper arm so plate locates in the centre of the arm.
	Design
	 
	8
	1
	1
	8

	Plate
	Location holes out of alignment
	Plate would not fit in assembly
	4
	 
	Assembly issues / loss of primary function.
	10
	 
	5
	200
	Introduce first / last off check in each press run.
	Quality
	 
	4
	1
	5
	20

	Gripper arm
	Gripper arm snapped due to plastic material
	gripper arm would not operate
	10
	 
	Loss of primary function
	10
	 
	10
	1000
	Brass inserts to be added to moulding to add strength to arm.
	Design
	 
	10
	1
	1
	10

	Cylinder
	Surface Damage
	Scratch / Scuffs
	2
	 
	Visual defect
	6
	 
	6
	72
	Quality to advise visual standards
	Quality
	 
	2
	1
	1
	2

	Join
	Wear in holes of the join
	Gripper could jam due to play in the joins
	3
	 
	Parts wearing over time
	6
	 
	6
	108
	Maintenance team to carry out periodic P. M’s
	Maintenance
	 
	3
	3
	6
	54

	Join
	Join sticking / jamming
	tightening of the slots
	4
	 
	Damage of slots
	3
	 
	6
	72
	Maintenance team to carry out periodic P. M’s
	Maintenance
	 
	2
	1
	6
	12

	Worm
	Thread stripping
	damage over time due to wear.
	2
	 
	Continuous use overtime.
	3
	 
	6
	36
	Maintenance team to carry out periodic P. M’s
	Maintenance
	 
	1
	1
	6
	6



Product life cycles.
Consideration has been given to the materials used to try and limit the impact the product will have on the environment. Parts that can be plastic moulded will be, this then allow the parts when no longer in use to be re-cycled (re-grind). A % of re-grind material will also be used in the virgin parts.

Boothroyd and Dewhurst Method.
Robot Gripper – 7 Parts.
Motor – A
Cylinder – A
Join – A
Jaws – A
Worm – A
Fasteners – A
Equipment Efficiency = Essential parts   X 100 = 100%
Total parts
There are not any non – essential parts in the design after the changes made all parts are considered essential. In the previous design the shaft could have been considered non – essential. Now that it has been combined with the worm it is considered essential. When in the design process the efficiency should be as high as possible. The current design has an efficiency of 100%. (Dewhurst, 1983)

5. Manufacturing Process Design.
As part of the manufacturing process design it is important to consider LEAN manufacturing. This is where all waste in the process and all non-value adding activities are eliminated.one such technique to do this is MUDA. There are 8 LEAN MUDA’S in manufacturing, and these are remembered by using the term DOWNTIME.
1. Defects
2. Overproduction
3. Waiting
4. Non-utilized talent
5. Transportation
6. Inventory
7. Motion
8. Extra-processing
(Thomas, 2019)
By using MUDA, you optimise the production of the gripper arm and minimise costs.
Production Process.
An ideal way to identify the best manufacturing process is to review layout options and develop a process flow chart.
Below is a proposed process flow chart for both the manufacturing of the components and the assembly of the gripper arm.
[image: ]
As the flow chart shows all in house manufactured components and bought out parts are fed into the assembly cell and then there is a final check and test carried out.
Key Points.
Some of the key points which will need to be considered are the inclusion of poke yoke in the assembly area.
Poke yoke is a tool used in lean manufacturing that refers to “mistake-proofing” or “error-proofing” a process. Error-proofing in everyday life ranges from safety features such as seat belts in cars that prevent us from getting injured to spell check, which simply prevents us from making spelling mistakes. (Tulip, 2018).
The assembly cell it-self will be made up of two sub assembly stations. One that assemble the gripper jaws to the drive plate and the other that will then complete the assembly of the gripper unit.
Final testing of the product will also need to be undertaken to ensure the gripper arm is functioning correctly prior to despatching to the customer. This will give a chance to test the motors along with the grippers themselves to ensure the best quality part is supplied.
6.Conclusion.
The original design was quite poor as there were clash conditions with the components, no fixings specified, and no materials or manufacturing processes considered. There was no clearance or tolerances in place for the individual components. After the re-design, the gripper is now more efficient and easier to assemble. There are also less parts in the design with the shaft and worm being made as one piece. The materials that have been chosen are both fit for function and suitable for mass production (1000 to 2000 units per week). 
Each component was broken down and analysed individually. Changes have been made to improve both the structures of the components while still meeting the requirements needed for, the gripper function. As part of the design review several methods were used to determine the best fit and function possible, these included QFD, DFMEA and the Boothroyd and Dewhurst Method.
In the manufacturing process Lean, MUDA and process flow were all considered to ensure the most efficient manufacturing process could be found while also maintaining quality standards via poke yoke and end of line testing.
Overall, I feel the new design will be flexible enough to complete all the required tasks and the manufacturing layout delivers the best possible output to meet demands.
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