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Introduction

At Zimmer Biomet, we manufacture Orthopaedic Implants for the medical device industry. The quality of product is of the highest order to ensure that the end user receives a product that will help alleviate pain and change their lives for the best. The Manufacturing of these components are completed by a vast amount of Processes, these consist of Press moulding, CNC grind, milling and lathe machines, Plasma coating, grit blast, polishing spindle, anodizing and laser etching amongst others. Being a Manufacturing shift leader my role predominantly consists of managing the people who run these machines, however, being responsible for the output I know first-hand how important it is to design components not only to consider cost implications but to consider ease of Manufacturability and assembly.
The goal of this project is to look at the concept design that has been supplied and determine if any modifications to the design can be made to optimise the manufacturing of each item using the tools learned throughout the lectures. 












Public perception of engineers.

The public has an incomplete understanding of engineers and engineering as a profession (Davis & Gibbon, 2002). Engineering perspective and knowledge are likely to play a role in a young person's decision to pursue a career in the field. Unfortunately, there is a general lack of understanding about engineering. Nearly half of 11 to 19-year-olds (47%) said they understood little or nothing about what engineers do. Certain populations, notably female students and those from socioeconomically challenged families, are underrepresented in engineering programmes. (Armitage, et al., 2020)
The qualitative workshop, on the other hand, revealed a broader knowledge of engineering, with some participants connecting engineering to design and problem resolution. This increased sophistication was linked to demographic factors such as socioeconomic class and age, as well as exposure to engineering through friends, family, or employment. People in their twenties and thirties, in particular, were discovered. In comparison to other groups, younger people were shown to have a significantly more restricted first grasp of engineering. (Marshall, et al., 2007)
With the emergence of innovative technology, the rise in demand for “Engineers” has significantly increased, Engineering employs 18% of the working population in the United Kingdom, and at least 15% of the working population in each area. (Anon., 2020)
The public's perception of engineers is changing for the better; gone are the days when engineers were viewed as "hard hat workers" or someone who came to your house to fix your TV package; instead, they are now viewed as young enthusiastic professional men and women who worked hard to achieve their education and are pivotal in industry sustainability and innovation.











Concept Design Appraisal

Design engineers have generated a concept design of a Three-Jaw Gripper - end effector, the intended use of the effector is to be used for a range of pick and place operations.  (Fig.1.) [image: ][image: ][image: ]
Figure.1.
The Three-Jaw Gripper End Effector is made up of 11 different parts. Three jaws, one cylinder, three joins, one drive plate, one motor, one shaft, and one worm. The concept design has been created so that when operational, an electric motor rotates the worm, allowing the drive plate to move up and down the worm, opening and closing the jaws through the joins. 
The design has been well thought of and could be manufactured and assembled for use immediately, however, a design study is to be undertaken to detail improvements to optimise manufacturability of each component. 
To make improvements we must understand the following:
· Consideration of expected customer.
· What will be the end user needs?
To appraise the effector, it is important to understand the customer and industry you’re targeting. Advances in robotics allow robots to work side by side with human interaction, this allows a wide range of industry to use such equipment. The three jaw gripper within the concept design would be suitable for pick and place operations within the food, automotive, medical and package delivery industry.
An increase in innovative Robotics force design engineers to deliver customised product that deliver on performance for the end user’s needs.  The end user needs are defined by the requirements of the customers intended use, in this case a Quality Function Deployment (QFD) would be the basis to a good start to consider both customer and end user needs (Ficalora & Cohen, 2009). The suggested technique entails forming Customer Needs at a deep level in order to relate customer satisfaction to a clear interaction with Design Requirements.

[image: ]
(Anon., 2007)									Figure.2.
The output from the QFD (Fig.2.) would allow for the concept deign to be appraised knowing “the voice of the customer” is heard. As mentioned earlier, the Concept design is well thought of, however, the QFD has identified key design requirements the customer will demand, we must also consider the ease of manufacturability ensuring costs are kept to a minimum without affecting the quality and reliability of the effector. 
Whilst reviewing the concept design you don’t have to look far for noticeable improvements, there are no nuts, bolts or fasteners to join each component to the other, obvious consideration to these are needed for the component to function.
[image: ]The design has three jaws, all of which are equivalent. The sharp edges of each jaw create a few problems that have a direct influence on the Customer's "Demanded Quality." Such sharp edges may have a detrimental influence on the following.
1. Safety – Cobot’s are designed to move short and rapid movements, such sharp edges could cause injury when working closely with human operators.
2. Product Quality – When looking at the expected customer, all of which could be handling finished or fragile product, the sharp edges could cause damage adding defects and unwanted cost to the end user. 
3. Durability – The end of the jaw that will be utilised to pick up items will be subjected to higher strain. Because the jaw's end is so pointed, it is more prone to fracture, making the component less robust and durable. Such damage would cause unnecessary down time for the customer.
Consideration of which material to use must be thought of carefully as not all material will be suitable for all industry requirements. Can the material be sterilised or easily cleaned which would be a requirement for the food and medical industry? The material must be strong enough to sustain slight impact but light enough to be able to make the overall design weight requirements.
All three joins are equally developed; minor alterations to each join could be implemented; nevertheless, selecting suitable bearings should be the goal to reduce friction / wear between the jaw and join during movement.
[image: ]
The worm and shaft have been designed as two separate components, however they may simply be manufactured as one piece to reduce the amount of components. The thread's diameter should be increased to make it more durable and reliable. To meet the increase in size, the thread within the centre of the drive plate would need to be increased as well. There seems to be slight overhang from the blocks of the drive plate this should change during manufacture.
[image: ][image: ][image: ][image: ]
The cylinder that supports each jaw in place while allowing it to open and close. The design appears to have very little clearance, which would cause the jaws to wear and prevent them from moving smoothly when opening and closing. To connect the jaws and allow them to move freely, bush or bearings will be necessary. 
[image: ]

The electric motor requires very little change if any, rather than deal with the complication of manufacture these would be purchased from an external supplier. Minor design alterations could be made by the supplier to help reduce the amount of parts within the concept design.
[image: ]
For the overall design all holes should be drilled to the same diameter, this would allow us to use as many of the same “off the shelf” components as possible.
Design Specification.
The formal declaration of the needed functions, features, and performance of the product or process to be developed is known as a Product design specification (PDS). Producing a PDS, which should be formed from the statement of need, is one way to take from the start of design work. (Johnson & Gibson, 2014)
The specification for the 3-Jaw Cobot is shown below. (Fig 3)

[image: ]
Figure.3.
Design and Development Work Undertaken

Design for Assembly (DFA)
To improve the overall efficiency of the design we must first divide each component and decide whether it’s Essential or Non- Essential. Where possible we should always look to reduce or “design out” any non-essential parts for ease of assembly and cost.
[image: ]
(Anon., 2021)
The table below provides a list of each part of the design and is issued with a letter “A” or “B” with “A” being essential and “B” being non-essential.
	Part
	A or B

	Jaw
	A

	Jaw
	A

	Jaw
	A

	Join
Join
Join
Drive plate
Worm
Shaft
	B
B
B
A
A
B

	Cylinder
	B

	Motor
	A

	Bolt x14
	B

	Nuts x14
	B





The design efficiency of the concept design can be calculated by dividing the number of essential parts “A” by the total number of parts, then times by 100 to gain the percentage.
	   6      x 100 = 15.4%	The concept design has a design efficiency of 15.4%. 
	  39
Having appraised the original concept design we must now look at how we can improve the design efficiency, there are many tools that can be used to aid this process but Design for Excellence or as its commonly known as (Design for X, DFX) provides a systematic approach to achieve the targeted objective of improving the concept design. 
Design for X where “X” is:
X=Manufacturing
X=Assembly
X=Reliability
X=Maintainability
X=Serviceability
X=Environment
X=Life Cycle Cost
(Morgan, 2021)
New design features.
1. 1. The motor purchased from a reputable seller will be built to accommodate a 5mm threaded bar to enable it to slot through the drive plate, allowing it to replace the requirement for the shaft and worm. With a big number of product being created, the external firm will generate significant revenue and have assurance that we will repurchase.
2. Rather than use nuts and bolts, snap joints made from a strong plasticised material will be used, reducing the amount of fasteners required. All holes will be drilled to the same diameter to accommodate like for like “off the shelf” dowels. 			
	Part
	A or B

	Jaw
	A

	Jaw
	A

	Jaw
	A

	Join
Join
Join
Drive plate
	B
B
B
A

	Cylinder
	B

	Motor/Worm
	A

	Dowel x6
	B

	
	




With only minor changes the efficiency of the design has doubled.	 
  5  x 100 = 33.3%	The new design has a design efficiency of 33%
 15  

FMEA
The application of the Failure Mode and Effects Analysis (FMEA) approach to product design is known as Design Failure Mode and Effect Analysis (DFMEA). DFMEA is an important risk assessment tool as well as a key responsibility for businesses when it comes to adopting production management. The goal is to make that the product can perform as intended under particular operating conditions. (Chang & Wen, 2010)

[image: ]
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(Morgan, 2021)
 





Manufacturing Process Proposal

The manufacturing process of which each component is made cannot be underestimated, choosing the correct process will not only drive down cost but reduce defects and waste.
There are many manufacturing processes to choose from, to choose the correct one for the concept design many considerations must be taken. Process drivers should include the following.
· Quantity of the product
· Cost for tooling, manufacturing machines and equipment
· Time required for processing
· Level of skilled labour required
· Process supervision
· Energy consumption
· Availability of material and cost of material
· Capabilities required to processes material
· Product dimensions and size
· Surface finish required
· Design tolerances
· Waste produced by the process
· Maintenance costs
· Other costs
(Anon., 2016)

Concept design Manufacturing proposal.
Jaws
The Jaws will be made from aluminium.
Minor alterations from the concept design will be made. As identified within the appraisal of the concept, the sharp edges would need changing, for ease of manufacturability and added strength to the jaw radius will be added at each point of the component. The two holes will remain and will be drilled to the same 5mm diameter to ensure the same parts can be used for linkage.
The Manufacturing process I have chosen to manufacture the jaws will be a Wire Electrical Discharge Machining (EDM). Wire EDM makes use of a travelling wire electrode that travels through the work piece. A CNC system accurately monitors the wire. Wire EDM, like any other machining tool, removes metal; however, wire EDM removes metal using electricity via spark erosion. Direct Current (DC) Using a dielectric shield of deionised pure water between the wire electrode and the work piece, electrical pulses are produced. When a high enough voltage is given, the fluid ionises, and a controlled spark erodes a small segment of the work piece, causing it to melt and vaporise. (Gale & Totemeier, 2003)
[image: ]
(Anon., 2021)

The benefits of using this process are:
· High degree of dimensional accuracy
· Allows for the machining of features that would be extremely difficult or impossible to machine using traditional machining processes
· Suitable for hardened conductive materials
· Wire can be threaded through a pre-existing pilot hole to allow access to internal features
· Provides an excellent surface finish allowing minimal processing time after. (hardly no burrs)
· Low maintenance of equipment required.
· Perfect for cellular processing to enable user to complete other tasks.
(Anon., 2021)
Considerations will need to be taken when choosing this process, only conductive metals can be chosen and it is famously known for its “Slow Speed”. To mitigate the length of manufacturing, the Jaws will be made from a 5mm thick plate and each plate will be “stacked” upon each other. The length of the plate will also provide us with enough material to manufacture at least 9 jaws which will reduce waste of the raw material (fig 4). Wire EDM are capable of cutting through material with a thickness of upwards of 300mm, this would allow us to manufacture up 540 jaws in one cycle, however to reduce process time and potential defect errors a smaller amount will be manufactured.
After deciding on this technique, we must consider a second operation to drill the holes. A hole must be inserted at each plate's corner to let the wire to pass through, and we must also drill holes for the Join to attach to. All holes will be drilled prior to the EDM process; if done after the jaw is made, there would be additional strain on the component, which could damage or weaken the component.
[image: ]
Figure.4. (for illustrative purposes, all parts will be manufactured as shown on the far right)
Join
The join will be manufactured from a Nylon. The nylon will be bought in from an external supplier and the holed drilled to size using a simple manual milling machine.
Cylinder & Drive plate.
The chosen material for the cylinder and drive plate will be Aluminium for both components.
The cylinder design will be modified somewhat; adequate clearance must be machined to allow the Jaws to move freely. The cylinders will be cut from a block of aluminium using a Mazak 5 axis Multitasking Milling and lathe CNC machine. 
Other manufacturing techniques, such as Die-Cast, were explored, but the cost of producing a Die can be costly and can only be used as a one off design. CNC machine, such as Mazak, was chosen for its high performance milling spindle capable of machining to tight tolerances. The machine could be used for further design development if required, whereas a die cast is only designed for one off designs.
[image: ]
(Anon., 2021)
Machining from a block has certain drawbacks; there will be a lot of material waste, the cutter stress and useage will be higher than manufacturing from a die casted cylinder. Aluminum is commonly recycled, therefore all cutting swarf would be saved and recycled to decrease total waste and costs.
The drive plate design will largely stay same; however, slight overhang in the concept design should be reduced (see fig 5), and additional material will be taken from the blocks to allow for easier assembly and maintenance. 

Additiional processing will be required post machining to remove any burrs, this will be completed using a simple linishing / polishing belt.
 
[image: ]
Figure.5. 
Electric Motor
The electric motor will be purchased from an external supplier with minor alterations. We will ask the supplier to design the motor so that it contains a 5mm threaded output shaft to allow it to connect to the drive plate.
[image: ]
(Anon., 2021)
Blast finish.
For aesthetic considerations, the Cylinder and Jaws will be coated with 90/100 and 74/149 blast media. The components will have a "sateen finish" if they are blasted first with 90/100 grade media and then finished with 74/149 grade media, which will appeal to the client. This will also hide or remove any poor finish left from the Wire EDM or de-burring process post machining.

Manufacturing Process Design
Having decided how each component is to be manufactured we must now decide the process flow for Manufacturing and assembly. The technique of manufacturing the Jaws on a Wire EDM machine was chosen on purpose; they could have easily been machined on a Mazak, exactly like the cylinder and drive plate, but the cycle time will allow for 1 Operator to finish the other operations inside the cycle time. 
The area will be set up to run cellular with each machine within close proximity to allow one Operative to be productive.
The Manufacturing process flow will be detailed as below.
[image: ]
Upon completion each component will be booked in to stock where they will be assembled and sold to the customer.











Conclusion

Design engineers presented a concept design for a 3-Jaw collaborative robotic system. Using necessary skills, the concept was re-designed and produced to enhance assembly, decrease costs, and guarantee that each component is manufactured efficiently.
The QFD offered the "voice of the customer," which suggested a number of design enhancements to make, but also cautioned against overcomplicating the design and making modifications for the sake of it. A DFA was conducted to enhance the design, modularity, and assembly efficiency, revealing that a number of “non-essential” components may and should be eliminated. The initial design had a design efficiency of 15.4%, but after “non-essential” components were removed, the design efficiency increased to 33.3 percent.
A FMEA was conducted to identify potential process failures, and remedial steps were implemented to ensure that the risk of failure was significantly minimised.
Each production process was carefully examined to ensure that costs were lowered while guaranteeing that we could satisfy the customer's demand. To reduce waste and the impact on the environment, materials that were widely recyclable were selected.
Albeit challenging with no access or training on design software such as CAD or Solid works, I have thoroughly enjoyed the process in improving the concept design.
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Customer / Performance requirement Design requirement Design specification

Affordability Select materials within budget <£500 (Total cost)

Easy to transport Select lightweight materials  <1Kg (Total weight)

Able to pick up a range of objects Select suitable jaws for application 2-4 jaw cobot system

Robustness of product Select materials able to absorb minor impact Durability 

Must be automated Motor driven effector Electric motor

Easy to maintain Design with ease of assembly Only select required components.

Must be reliable Design for reliability Select standard components

Must be aestheticatlly pleasing Select materials that are easily finished or aesthetically pleasing Choose on trend aesthetics

Able to perform repeatable tasks Can be programmed to CAD/CAM Programmable
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Operating aid VOA

5 1 1 5

Scrap 5 Operator mishandled 2
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3 30
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Quality

NCR system already 

in place

3 1 1 3
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Damaged tooling causing 

O/S diameter.

3 5 120
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after every 10 Effectors.

Eng Tool count added 3 1 1 3

8
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assembled

3 5 120
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checks.
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Eng
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10 3

Operator Training 
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Will not fit to the cylinder 10Incorrect tooling used 2
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4 80
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Eng
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Operator Training 
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5 105 Provide de-burring tooling and IS sheets Ops
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Critical Performance 10Damaged during testing 2
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3 60 Operator self inspection Ops

Introduce Visual 

Operating aid VOA
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Customer Complaints 5 Damaged during assembly 1 None 4 20

Operator self inspection.



Quality

Introduce Visual 

Operating aid VOA

5 1 1 5

Scrap 5 Operator mishandled 2

Operator Training 

/ SOP's

3 30

Non-Conformity report generated to trend 

scrap information

Quality

NCR system already 

in place

3 1 1 3

10Damaged tooling 2

Operator Training 

/ SOP's

4 80

Inspection sheets added to complete critical 

checks.

Add a tool count to the machine to replace 

after every 10 Effectors.

Eng Tool count added 8 1 2 16

10Incorrect drill used 2

Operator Training 

/ SOP's

5 100

Inspection sheets added to complete critical 

checks.

Add a tool count to the machine to replace 

after every 10 Effectors.

Eng Tool count added 8 1 2 16

Critical Performance 5

Incorrect programme 

selected

3

Operator Training 

/ SOP's

4 60

Inspection sheets added to complete critical 

checks.

Program automatically selected for each 

MHR

Eng

MHR scanning in 

place

10 1 1 10

Will not fit to other components 5 Incorrect tooling used 2

Operator Training 

/ SOP's

4 40

Inspection sheets added to complete critical 

checks.

Standard tooling specified for all product.

Eng

Tool holders will only 

accept correct sized 

tooling.

10 1 1 10

Not-deburred Customer Complaints 3

Operator not followed 

procedure

Operator Training 
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0 Provide de-burring tooling and IS sheets Ops

Tooling available for 

operators

0
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Critical Performance 10Damaged during testing 2

Operator Training 

/ SOP's

3 60 Operator self inspection Ops

Introduce Visual 

Operating aid VOA

10 1 1 10

Customer Complaints 5 Damaged during assembly 1 None 4 20

Operator self inspection.



Quality

Introduce Visual 

Operating aid VOA

5 1 1 5

Scrap 5 Operator mishandled 2

Operator Training 

/ SOP's

3 30

Non-Conformity report generated to trend 

scrap information

Quality

NCR system already 

in place

3 1 1 3

10Damaged tooling 2

Operator Training 

/ SOP's

4 80

Inspection sheets added to complete critical 

checks.

Add a tool count to the machine to replace 

after every 10 Effectors.

Eng Tool count added 8 1 2 16

10Incorrect drill used 2

Operator Training 

/ SOP's

5 100

Inspection sheets added to complete critical 

checks.

Add a tool count to the machine to replace 

after every 10 Effectors.

Eng Tool count added 8 1 2 16

Critical Performance 5

Incorrect programme 

selected

3

Operator Training 

/ SOP's

4 60

Inspection sheets added to complete critical 

checks.

Program automatically selected for each 

MHR

Eng

MHR scanning in 

place

10 1 1 10

Will not fit to other components 5 Incorrect tooling used 2

Operator Training 

/ SOP's

4 40

Inspection sheets added to complete critical 

checks.

Standard tooling specified for all product.

Eng

Tool holders will only 

accept correct sized 

tooling.

10 1 1 10

Inadaquate clearence  Jaws will not fit 5 Incorrectly machined 3

Operator Training 

/ SOP's

4 60

Inspection sheets added to complete critical 

checks.

Program automatically selected for each 

MHR

Eng

MHR scanning in 

place

10 1 1 10

Critical Performance 8 Incorrect tooling used 3

Operator Training 

/ SOP's

3 72

Inspection sheets added to complete critical 

checks.

Standard tooling specified for all product.

Eng

Tool holders will only 

accept correct sized 

tooling.

10 1 1 10

Customer Complaints 8

Incorrect programme 

selected

3

Operator Training 

/ SOP's

4 96

Inspection sheets added to complete critical 

checks.

Program automatically selected for each 

MHR

Eng

MHR scanning in 

place

10 1 1 10

Not-deburred Customer Complaints 3 Operator missed burrs 7

Operator Training 

/ SOP's

5 105 Provide de-burring tooling and IS sheets Ops

Tooling available for 

operators

1 1 5 5

Critical Performance 8 Incorrect tooling used 3

Operator Training 

/ SOP's

3 72

Inspection sheets added to complete critical 

checks.

Standard tooling specified for all product.

Eng

Tool holders will only 

accept correct sized 

tooling.

10 1 1 10

Customer Complaints 8

Incorrect programme 

selected

3

Operator Training 

/ SOP's

4 96

Inspection sheets added to complete critical 

checks.

Program automatically selected for each 

MHR

Eng

MHR scanning in 

place

10 1 1 10

Critical Performance 10Damaged during testing 2

Operator Training 

/ SOP's

3 60 Operator self inspection Ops

Introduce Visual 

Operating aid VOA

10 1 1 10

Customer Complaints 5 Damaged during assembly 1 None 4 20

Operator self inspection.



Quality

Introduce Visual 

Operating aid VOA

5 1 1 5

Scrap 5 Operator mishandled 2

Operator Training 

/ SOP's

3 30

Non-Conformity report generated to trend 

scrap information

Quality

NCR system already 

in place

3 1 1 3

Critical Performance 10Damaged during testing 2

Operator Training 

/ SOP's

3 60 Operator self inspection Ops

Introduce Visual 

Operating aid VOA

10 1 1 10

Customer Complaints 5 Damaged during assembly 1 None 4 20

Operator self inspection.



Quality

Introduce Visual 

Operating aid VOA

5 1 1 5

Scrap 5 Operator mishandled 2

Operator Training 

/ SOP's

3 30

Non-Conformity report generated to trend 

scrap information

Quality

NCR system already 

in place

3 1 1 3

10Damaged tooling 2

Operator Training 

/ SOP's

4 80

Inspection sheets added to complete critical 

checks.

Add a tool count to the machine to replace 

after every 10 Effectors.

Eng Tool count added 8 1 2 16

10Incorrect drill used 2

Operator Training 

/ SOP's

5 100

Inspection sheets added to complete critical 

checks.

Add a tool count to the machine to replace 

after every 10 Effectors.

Eng Tool count added 8 1 2 16

Critical Performance 5 Incorrect programme  3 Operator Training  4 60 Inspection sheets added to complete critical  Eng MHR scanning in  10 1 1 10

Will not fit to other components 5 Incorrect tooling used 2

Operator Training 

/ SOP's

4 40

Inspection sheets added to complete critical 

checks.

Standard tooling specified for all product.

Eng

Tool holders will only 

accept correct sized 

tooling.

10 1 1 10

Inadaquate clearence  Jaws will not fit 10Incorrect tooling used 3 1 30

Inspection sheets added to complete critical 

checks.

Standard tooling specified for all product.

Eng

Tool holders will only 

accept correct sized 

tooling.

10 1 1 10

Critical Performance 8 Incorrect tooling used 3

Operator Training 

/ SOP's

3 72

Inspection sheets added to complete critical 

checks.

Standard tooling specified for all product.

Eng

Tool holders will only 

accept correct sized 

tooling.

10 1 1 10

Customer Complaints 8

Incorrect programme 

selected

3

Operator Training 

/ SOP's

4 96

Inspection sheets added to complete critical 

checks.

Program automatically selected for each 

MHR

Eng

MHR scanning in 

place

10 1 1 10

Not-deburred Customer Complaints 3 Operator missed burrs 7

Operator Training 

/ SOP's

5 105 Provide de-burring tooling and IS sheets Ops

Tooling available for 

operators

1 1 5 5

Critical Performance 5 Electrical fault 2 None 2 20 Testing during assembly SQA SQA insection added 1 1 5 5

Customer Complaints 6 Damaged 2 None 3 36 Testing during assembly SQA SQA insection added 1 1 5 5

Critical Performance 5 Not to specification 2 None 2 20 Visual inspection SQA SQA insection added 1 1 5 5

Customer Complaints 6 Not to specification 2 None 2 24 Testing during assembly SQA SQA insection added 1 1 5 5

Damaged during 

manufacture/assembly.

Drive plate

Diameter of holes incorrect Critical Performance

Produced to incorrect 

dimension

Worm

Thread failiure

Damaged during 

manufacture/assembly.

Diameter of holes incorrect Critical Performance

Thread failiure

Damaged during 

manufacture/assembly.

Produced to incorrect 

dimension

Cylinder

Unabe to house worm

Thread failiure

Failure to rotate

Motor
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