
Manufacturing Design & Technology

ACMA5002

Design, Development and Manufacturing – 3-Jaw Cobot End-effector


[image: ]


Owen Evans

2011680

Contents
1.	Introduction	3
2.	Concept Design Appraisal	4
3.	Manufacturing Process Proposal	9
4.	Design and Development	17
4.1 Design for Manufacture & Assembly	17
4.1.1 Simplify design and remove parts	17
4.1.2 Design for Fabrication	19
4.1.3 Use of Standard Components & Tolerancing	20
4.1.4 Design for Assembly Efficiency	20
4.2 FMEA	21
4.3 Shipping	23
5.	Manufacturing Process Design	24
6.	Conclusion	25
7.	References	26



1. [bookmark: _Toc75192501]Introduction

To keep pace with increasing demand for products, manufacturing companies need to embrace technological advances to maintain a competitive edge in a high growth environment. Replacing repetitive, laborious, manual operations with Artificial Intelligence controlled robotic systems can reduce business costs over high-volume production runs, as well as decrease the number of defects in an operation (van der Aalst, Bichler and Heinzl, 2018).
This paper critically assesses the concept design and machine processes for a robotic system in the form of a pick and place 3-Jaw Gripper design, Figure 1.

[image: ]
Figure 1: 3-Jaw Gripper design, SOLIDWORKS 3D CAD Model

This gripper design includes these components; Jaw, Cylinder, Drive Plate, Motor, Join, Shaft and Worm.

The initial design is to be analysed in the form of a Concept Design Appraisal, examining and developing the design from the initial concept through to the completely manufactured article. The report develops the Voice of Customer (VoC) and uses the results to generate a Product Design Specification (PDS).

Once the initial requirements have been identified, the report then discusses how to adapt the design to produce a completed product that can be fully assembled. This includes analysis using standard industry tools, such as a ‘Design for Manufacture’ (DFM), Failure Mode Effect Analysis (FMEA), Fabrication process validation and assembly plan.

The product is envisaged to be a high volume, lengthy production run of over 1000 products per week. This has been considered in the whole analysis in order to optimise the design and processes for high volume manufacturing.


2. [bookmark: _Toc75192502]Concept Design Appraisal

In recent times, the public opinion has developed a partially negative view towards the engineering profession, mainly because of its contribution to technical advances (e.g. cars and airplanes) which are related to the climate change problem (Marshall, Mcclymont and Joyce, 2007). Future engineers must consider the environmental impact of their designs, with a focus on sustainable production, taking advantage of technological progress in materials and processes (Wan Alwi et al., 2014). A bigger focus on sustainable engineering would also allow companies to improve the perspective the public has of their business and would protect them from any future legislation (e.g. limits, taxes and bans) aimed at limiting environmentally damaging activities (Hecht, 2009). 
One method to build a positive perception of sustainable engineering is to support the shift towards a circular economy approach to repair and repurpose under emerging ‘Right to Repair’ legislation (Hernandez, Miranda and Goñi, 2020). This approach would also be beneficial to the company by providing a lucrative aftermarket opportunity of spares and upgraded, interchangeable modular enhancements to the original design, without the added assembly costs. 
Although the design is for functional purposes rather than presentation ones, consideration for aesthetics should be made in the manufacturing, assembly, and shipping design phases. During the manufacturing phase, the tools and machinery used should be regularly cleaned and serviced to ensure consistent results in surface finish. During assembly, the parts should be protected from damage when supplied to the line as well as providing jigs to prevent the assembly impacting or rubbing on surfaces. The assembly needs to reach the end user in good conditions, so packaging methods should be robust enough to resist impact and all moving parts should be in a locked position to prevent movement in transit.
When trying to understand how the design of a product can affect the adherence to the customer needs, it is useful to develop a Quality Function Deployment (QFD). The Customer Requirements from the Kano Model Questionnaire are used to identify how changes in any one part of the design affect both the customer needs as well as the impact of the change on other design features (Avikal, Singh and Rashmi, 2020). The Kano Model Questionnaire responses, Table 1 and QFD for the 3-Jaw Gripper, Figure 2 are completed below.
	Kano Model
	
	

	
	
	Importance

	Basic Requirements
	Low Purchase Price
	6

	
	Low Running Costs
	8

	
	Long Working Life
	9

	
	Pick a Range of Products
	9

	
	High Maximum Gripper Force
	4

	Performance Requirements
	Easily Serviceable
	7

	
	Lightweight
	8

	
	Adjustable Pressure on Parts
	8

	
	Adjustable Force Applied
	5

	Excitement Requirements
	Recyclable
	7



Table 1: Kano Model of key Customer Requirements
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Figure 2: QFD developed from template (QFD Online - Free House of Quality (QFD) Templates for Excel, 2010)

With the customer and aesthetic requirements and the need for recyclable materials established, the Product Design Specification (PDS) can be drafted. The purpose of the PDS is to help the designers understand the characteristics and requirements for the final product. A British Standard BS7373-1:2001 compliant PDS for the 3-Jaw gripper is shown below.

	1.0
	Performance
1.1 Capable of lifting a range of different item geometries
1.2 Lift loads up to 10kg (+/- 10%)
1.3 Lift loads up to 30mm x 30mm x 30mm (lifting area)
1.4 Full Jaw open/close cycle under 5 seconds
1.5 Force exerted on parts should be adjustable
1.6 Gripping method to be a friction grip


	2.0
	Environment
2.1 Gripper will operate in multiple worldwide climates
2.2 Gripper will be operated primarily in indoor situations
2.3 Temperature range expected to be 5 – 44 degrees Celsius
2.4 Product could experience temperature variations and condensation
2.5 Corrosion resistance should be applied, either through material selection or post manufacturing treatments
2.6 Function should not exceed 85dB noise levels from 1m away
2.7 Capable of staying in storage conditions for up to 1 month


	3.0
	Product Life Span
3.1 Product manufacture should run for 5 years
3.2 Aftermarket spare part provision should run for 2 years after that 


	4.0
	Life in Service
4.1 Product should run for 2 hours continuous usage, 6 hours daily usage for 5 years
4.2 Spare parts should be available for Aftermarket for an additional 2 years
4.3 All considerations in sections 1 & 2 should be aligned with Life in Service specifications


	5.0
	Shelf Life
5.1 Product to be stored locally for 3-4 weeks before dispatch
5.2 Customers outside of the UK will incur additional storage time during shipping/customs


	6.0
	Target Costs
6.1 Final product sale price should be around £1000 sterling
6.2 Manufacture cost should not exceed £600 sterling
6.3 Shipping costs should be less than 10% of the overall manufacturing costs


	7.0
	Quantity
7.1 Expected volume of 1000-2000 units a week


	8.0
	Maintenance
8.1 Low maintenance requirements with minor clean, degrease and lubrication of moving parts every 4 weeks
8.2 Annual service (preventative maintenance) recommended
8.3 Clean, degrease and lubrication should be tool free
8.4 Any fasteners used must be conforming to BS6105
8.5 Any tools required for the service should be standard tooling


	9.0
	Marketing
9.1 Primary focus on building a core domestic market developing professional relationships with large, multinational organisations
9.2 Possible target markets:

· Testing laboratories
· High volume manufacturing companies
· Electronic circuit board manufacturing


	10.0
	Packaging
10.1 Should prevent operation of the product during shipping
10.2 Provide protection from reasonable impact force
10.3 Prevent product being damaged
10.4 Primarily made from either recyclable or returnable materials
10.5 Packaging and transport methods chosen should be minimal


	11.0
	Size and Weight
11.1 Unit weight limit <5kg
11.2 Assembly envelope <120mm x 65mm x 65mm


	12.0
	Shipping
12.1 Product to be shipped by road
12.2 For international sales outside of Europe, shipping by sea is preferred


	13.0
	Manufacturing Processes
13.1 Processes should be capable of matching the 1000-2000 completed assembly requirements
13.2 Where parts are repeated in the assembly, the additional total number of parts per gripper must be factored into the manufacturing capability
13.3 Specialist dies should be purchased from a supplier


	14.0
	Aesthetics
14.1 Gripper is not a decorative part, so no specialist decorative treatments are required
14.2 Surface finish should be in line with manufacturing process selected with only minor standard process capability surface defects permitted
14.3 Corrosion protection must be applied to all features to prevent rusting of parts


	15.0
	Ergonomics
15.1 All fasteners should be accessible without specialist tooling
15.2 Gripper should support quick release fasteners where possible
15.3 Gripper should be able to be installed by a single person


	16.0
	Customer Requirements
16.1 Voice of Customer Requirements:
· Low Purchase Price
· Low Running Costs
· Long Working Life
· Pick a Range of Products
· High Maximum Gripper Force
· Easily Serviceable
· Lightweight
· Adjustable Pressure on Parts
· Adjustable Force Applied
· Recyclable
· 

	17.0
	Competition
17.1 Potential competitors:

· RAR UK Automation
· Quadratec Limited
· OnRobot
· Geku Automation


	18.0
	Quality and Reliability
18.1 No gripper should fail with loads less than the maximum load of 10kg
18.2 Gripper should function without failing within the first service window and only 1 in 75 should fail in year 2


	19.0
	Standards and Specifications
19.1 Where applicable, the following standards shall be conformed to:

· BS 6105 – Corrosion Resistant Stainless Steel Fasteners
· BS 6322(2) & BS 4320 Nuts and washers
· BS 4235 Keys and Keyways
· ISO 14539:2000 – Manipulating Industrial Robots
· BS 8611:2016 – Ethical design and application of robotic systems
· BS EN 15347:2007 – Plastic Recycling
· BS ISO 18646-3:2021 - Performance criteria and related test methods for service robots


	20.0
	Company Constraints
20.1 None identified outside of volume requirements


	21.0
	Processes
21.1 All process used are subject to ISO4900 fits and limits specification


	22.0
	Safety
22.1 No gripper should fail when used for loads under the safety limit
22.2 Load limits should be identified in the manual & sales documentation
22.3 Gripper is to be used in a closed environment, so finger traps should not be considered


	23.0
	Testing
23.1 Development test must be carried out to verify maximum number of cycles and load supported
23.2 Full First Article Inspection (FAI) should be carried out on first assembly
23.3 Post FAI testing should be based on a sampling rate of 5%


	24.0
	Legal
24.1 Potential liability for damage to parts picked by the jaw, where it can be determined the design of the product caused the damage


	25.0
	Installation
25.1 Installation instructions to be included as part of the product inspection manual


	26.0
	Documentation
26.1 Product manual specifying installation instructions, safety information, servicing requirements and replacement parts required
26.2 Documentation to be provided in key European languages


	27.0
	Disposal
27.1 Recyclable parts should be identified in the manual


 
3. [bookmark: _Toc75192503]Manufacturing Process Proposal

When considering a product design, the business must consider these needs in its pricing:
· Direct costs: 
· They refer to readily measurable data for any given product and are proportional to the volume produced. To ensure that the product is profitable, the correct process should be aligned with the material used and the volume to be produced
· Examples: the amount of material used per product, the machine running hours per product and the machine setup between operations 
· Indirect costs:
· They are not considered a cost that can be planned in line with the throughput of the product, but in line with the number of transactions of each that occur (Banker, Potter and Schroder, 1995).  Although these activities are necessary, it is in the businesses interest to reduce their costs as much as possible to increase the product profit 
· Example: logistics and quality control. They will be different from project to project, but should be budgeted for in the sale price
· General costs:
· They are ongoing recurring costs that exist to keep the business running and would be incurred regardless of the number of products made. These costs should be shared across all products.
Once all these costs have been considered, there must also be an amount left as profit margin for the business as shown in the equation below:
Sale price = Direct Costs + Indirect Costs + General Costs + Profit Margin

A full breakdown of costs and ways to improve performance relative to each cost are shown in Table 2.

	Cost Type
	Transaction Cost
	Description
	Cost Contribution Activities
	Potential Cost Reduction Methods

	Direct Costs
	Production
	Manufacturing the products for sale
	· Material Type
	· Design for easy to machine materials

	
	
	
	· Material Amount
	· Design of minimum material amounts

	
	
	
	· Processes
	· Remove unnecessary process steps

	
	
	
	· Machine Purchase
	· Design for existing equipment

	
	
	
	· Tool Purchase
	· Design for standard tooling use

	
	
	
	· Labour
	· Speed up assembly through DFA

	
	
	
	· Machine Hours
	· Remove unnecessary design features

	
	
	
	· Machine Set Up
	· Design for fewest tool changes

	Indirect Costs
	Logistics
	Control of material and equipment outside of the assembly operations
	· Materials Handling
	· Reduce factory footprint/process steps

	
	
	
	· Receiving Materials
	· Process in bulk

	
	
	
	· Requisitions
	· Establish automatic ordering system

	
	
	
	· Stores Activities
	· Reduce number of unique parts

	
	
	
	· Inter-site/Operation Transportation
	· Reduce factory footprint/process steps

	
	Balancing
	Co-ordination of manufacturing activities to ensure supply of resources meets the demand
	· Supply of Materials
	· Adopt ‘just in time’ supply chain

	
	
	
	· Allocation of Labour Resource
	· Effective efficiency monitoring

	
	
	
	· Capacity Monitoring
	· Limit throughput to output capability

	
	Quality
	Ensuring products are in line with requirements
	· Inspection
	· Rate set to sample based on Cpk

	
	
	
	· Rework
	· Design for ‘Right First Time’ assembly

	
	
	
	· Scrap
	· Design for process capability

	
	
	
	· Warranty Repair
	· Carry out cyclic testing to set time frame

	
	
	
	· Customer Interface
	· Implement ticket system interface

	
	
	
	· Supplier Auditing
	· Compliant suppliers (NADCAP etc.)

	
	Change
	Altering the design or process beyond its initial intent
	· Change of Material
	· Test design for material suitability

	
	
	
	· Change of Design
	· Establish customer bill back system

	
	
	
	· Change in Routing of Manufacturing
	· Map efficient process layout

	
	
	
	· Change in Customer Requirements
	· Incorporate Voice of Customer in design

	General Costs
	Facilities
	Maintaining a factory to manufacture in
	· Lease of Building
	· Apply for Government grants

	
	
	
	· Insurance
	· Maintain accurate inventories

	
	
	
	· Cleaning and Waste Disposal
	· Outsource through tendering process

	
	
	
	· Office Materials and Staff
	· Implement ‘Digital Factory’ initiatives

	
	
	
	· Building Maintenance and Improvements
	· Outsource through tendering process

	
	
	
	· Printing and Copying
	· Implement ‘Digital Factory’ initiatives

	
	
	
	· Cleaning
	· Outsource through tendering process

	
	
	
	· Heating
	· Use sustainably sourced heating



Table 2: Cost drivers in a manufacturing business, compiled from (Kekre and Datar, 1993; Banker, Potter and Schroder, 1995; Gunasekaran, 1999; Diez and Lennerts, 2006)

To guide the choice of the optimal materials and processes to use based on a manufacturing quantity, a tool called a PRIMA is used, Figure 3. Its indications should be taken with caution because, unless the tool has been recently updated, it does not consider technological advances in materials and processes:
[image: ]
Figure 3: Table illustrating process/material selection (Swift and Booker, 2018)
A process review of the seven assembly components under examination is presented in the following sections:
I. Join
	Part
	Process: Fine Blanking Compound Die

	[image: ]
	
-Quick to manufacture
-Batch manufacture
-Compound die cost offset by reduction in number of process steps and cycle time
-Fine blanking produces good edge finish with no post-production deburring required
-Square edges are permissible
-Tighter tolerances are achievable




As the design is 2mm thick, the part can be punched from sheet metal. This is advantageous due to the simplicity of the design and the throughput possible using this process. Fine blanking with a compound die is the preferred method as, in comparison to other types of other punch pressing, it reduces the number of operations, produces parts of a higher accuracy and produces an acceptable edge quality without further processing (Djavanroodi, Pirgholi and Derakhshani, 2010; Swift and Booker, 2018). Although additional tooling costs are required, the start-up costs are offset by the volume of parts to be manufactured. Table 3 shows the process specifications.
	Parameter
	Specification

	Method
	Compound Die Fine Blanking

	Number per Gripper
	3

	Number of Grippers a week
	2000

	Number of Joins per week
	6000

	Minimum Production Run Profitability
	2000

	Tolerance (2mm Plate)
	Up to +/-0.01mm

	Production Rates
	Up to 10,000/hr

	Costs
	Low when highly automated

	Material Waste
	Low when layout of shapes is optimised for the material size

	Finishing Costs
	Low to moderate

	Manufacturing Method
	Batch

	Post Production Processes
	Deburring (depending on die) & Cleaning

	Common Materials
	Low Carbon & Stainless Steels, Aluminium Alloys


Table 3: Fine Blanking process assessment (Swift and Booker, 2018)

II. Jaw
	Part
	Process: CNC Machine
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-Size of part makes casting with realistic wall thicknesses difficult to achieve
-Machining from solid material provides strength
-Automated process that can be run with little supervision
-Operations can be completed in a single machine




Although the jaws flat design means it could be considered for sheet metal punching, the more complex design would require a more expensive die. This would add additional pre-production start-up costs to the process as well as requiring maintenance of the die to keep repeatability of the parts manufactured. Therefore, a more cost-effective manufacturing process should be used. Due to the high output volumes, CNC machining is justified as a reasonable economic process to use, Table 4.
	Parameter
	Specification

	Method
	CNC Machining

	Number per Gripper
	3

	Number of Grippers a week
	2000

	Number of Joins per week
	6000

	Minimum Production Run Profitability
	No initial tooling start up costs

	Tolerance 
	Up to +/- 0.01mm

	Production Rates
	Up to 100/hr

	Costs
	Labour costs moderate to high (Skilled Labour)

	Material Waste
	High material waste, but waste is recyclable

	Finishing Costs
	Low

	Manufacturing Method
	Batch

	Post Production Processes
	Cleaning and deburring

	Common Materials
	Iron, Steels and Alloys



Table 4: CNC Machining process assessment (Swift and Booker, 2018)

III. Shaft
	Part
	Process: Purchased Part
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-No design features beyond length and diameter





This part is a consistent diameter rod with no extra design features. It can either be bought in from supplier as a long, 3mm-diameter rod and cut to size or bought in cut into sections of the correct length. Buying the part to the correct size would mean no additional work is required for the part. No further processing would be required.

IV. Worm
	Part
	Process: Lathe

	[image: ]
	
-All features are cylindrical
-Can be manufactured from rod form
-Features required can be manufactured with rotary motion





As with the Cylinder, this part can be bought in as a rod, this time with a 5mm diameter, cut to length. As all features can be created with a rotary motion, the part should be turned on a lathe. Current design would require part to be flipped so that the cored-out bolt head can be created. Table 5 provides the process analysis.
	Parameter
	Specification

	Method
	Lathe

	Number per Gripper
	1

	Number of Grippers a week
	2000

	Number of Joins per week
	2000

	Minimum Production Run Profitability
	1000

	Tolerance 
	Up to +/- 0.01mm

	Production Rates
	Up to 60/hr manual, up to 1000/hr automated

	Costs
	High tooling cost for automated machines, but low labour costs

	Material Waste
	High material waste, but waste is recyclable

	Finishing Costs
	Low

	Manufacturing Method
	Batch

	Post Production Processes
	Cleaning and deburring

	Common Materials
	Iron, Steels and Alloys



Table 5: Lathe process assessment (Swift and Booker, 2018)

V. Drive Plate
	Part
	Process: CNC Machine
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-No manual interaction with part during manufacture
-Automated process that can be run with little supervision
-Operations can be completed in a single machine





As the Drive Plate has a mix of a rotary feature as well as block features, this part should be manufactured from rod on a CNC machine. The rotary element would be incorporated in the shape of the purchased material. The block manufacture and holes can be cut using a 3 axis CNC machine in one part orientation.
	Parameter
	Specification

	Method
	CNC Machining

	Number per Gripper
	3

	Number of Grippers a week
	2000

	Number of Joins per week
	6000

	Minimum Production Run Profitability
	No initial tooling start up costs

	Tolerance 
	Up to +/- 0.01mm

	Production Rates
	Up to 100/hr

	Costs
	Labour costs moderate to high (Skilled Labour)

	Material Waste
	High material waste, but waste is recyclable

	Finishing Costs
	Low

	Manufacturing Method
	Batch

	Post Production Processes
	Cleaning and deburring

	Common Materials
	Iron, Steels and Alloys



Table 6: CNC Machining process assessment (Swift and Booker, 2018)



VI. Cylinder
	Part
	Process: Die Casting
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-Complex designs can be achieved
-High volume throughput
-Moulds can be reused
-Can produce strong, light weight components
-Reduces number of fixings in part can be made in a single mould



The cylinder is a complex shape requiring multiple features in different planes. Machining from billet would achieve the results, but with a long lead time and high material costs and waste. To complete the full form in as few manufacturing process as possible, die-casting is the preferred option, although this could be achieved with injection moulding if the material were plastic.
Once the casting process is complete, secondary machining is required to drill the holes parallel to the parting line.
	Parameter
	Specification

	Method
	Die Casting

	Number per Gripper
	1

	Number of Grippers a week
	2000

	Number of Joins per week
	2000

	Minimum Production Run Profitability
	10,000

	Tolerance 
	Up to +/- 0.01mm

	Production Rates
	Up to 200/hr

	Costs
	High initial tooling costs

	Material Waste
	Low

	Finishing Costs
	Low

	Manufacturing Method
	Batch

	Post Production Processes
	Trimming

	Common Materials
	Limited to non-ferrous metals


Table 7: Die Casting process assessment (Swift and Booker, 2018)

VII. Motor
	Part
	Process: Purchased Part
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-Standard parts exist in the marketplace
-Reduces burden on Manufacturing Processes
-Can be supplied to support ‘Just in Time’ lean manufacturing processes



As the motor is a standard part in manufacturing, there is no specific requirement to manufacture a bespoke motor. Therefore, it is recommended to purchase it premade from an external supplier. This will reduce the burden of the manufacturing process in the business. The requirements for the motor will have to be flowed down to the supplier and due diligence carried out on the supplier to ensure they can produce the parts to the quality and schedule required. 
Suggested motor - McLennan Servo Supplies Servo Servo Motor, 12 W, 24 V, 13.5 Ncm, 4000 rpm, 3mm Shaft Diameter (RS Components, 2021)

[image: ]

Figure 4: Chosen Motor


4. [bookmark: _Toc75192504]Design and Development

[bookmark: _Toc75192505]4.1 Design for Manufacture & Assembly

[bookmark: _Toc75192506]4.1.1 Simplify design and remove parts

Worm/Shaft Combination
The current design requires a separate Worm and Shaft to convert the rotary motion of the motor into lateral movement of the drive plate. The drawings for each part and the overall part created when they are connected is shown in Figures 5-7.

[image: ] [image: ]
Figure 5 & 6: Drawings of the Shaft and Worm piece parts

 [image: ]
Figure 7: Drawing of the Shaft and Worm assembled

This method requires two separate material purchases as both parts have different largest diameters. The change transitions from 3mm-5mm-2mm, with the 5mm diameter only existing to join the two parts.
By eliminating the 5mm diameter (as shown in Figure 8), the entire length can be incorporated into one part, all manufactured from a single 3mm diameter rod. This rod could then be machined down to a 2mm radius for 25mm and threaded for 20mm. This will decrease costs for raw materials and machining to reduce the diameter from 5mm to 2mm as well as removing the requirement to drill out the worm. 

[image: ]

Figure 8: Drawing of the new design Worm/Shaft Hybrid

[bookmark: _Toc75192507]4.1.2 Design for Fabrication

Table 8 shows the design changes required to enable each of the piece parts of the assembly to be manufactured correctly in line with the process selected.

[image: ]

Table 8: Transition from original design concept to redesign for specified manufacturing processes (motor emitted – purchased part)  (Black and Kohser, 2012; Swift and Booker, 2018)


[bookmark: _Toc75192508]4.1.3 Use of Standard Components & Tolerancing

The current concept design has no fixing features to join each of the parts to each other. As such, it is not possible to assemble the product. To provide a method of assembly, Table 9 shows the standard fasteners available and the associated design change to tolerance features as stipulated.
[image: ]
Table 9: Fasteners for assembly purposes (Kverneland, 2010; Essentra Components UK, 2021; Essentra Components US, 2021; WDS Components, 2021)
By using standard components, there is no requirement for expensive design and manufacture of products by the company.

[bookmark: _Toc75192509]4.1.4 Design for Assembly Efficiency

Table 10 breaks the assembly down into its constituent parts and identifies whether the parts are essential or not based on the Lucas method of assessment (Culleton, McGinn and Kelly, 2017). This method provides an overall efficiency score for the assembly process. The design under consideration achieved an efficiency score of 36%. By removing the Worm and Shaft as separate items and replacing them with the Worm/Shaft Hybrid, the score improved to 37.5%.


[image: ]

Table 10: Design efficiency rating based on Boothroyd and Dewhurst and Lucas methodologies (Culleton, McGinn and Kelly, 2017)

4.2 [bookmark: _Toc75192510]FMEA

As part of the design process, it is important to pre-empt and design out any likely causes of failure within the product. This will help to prevent potential defects caused by design from becoming evident post manufacture. This is completed using an FMEA. The FMEA for the 3-Jaw Gripper design is shown in Table 11.

[image: ]
Table 11: FMEA for concept design

[bookmark: _Toc75192511]4.3 Shipping

To prevent the moving parts of the arm activating and potentially damaging the product, a securing mechanism should be tied around the flats of the updated jaw design, as shown in Figure 9.

[image: ]
Figure 9: Tied Jaws preventing operation during shipping

Rubber bands are the best choice as they are quick to install, provide tension against any force and will not provide a degradation to the Jaws surface through in transit rubbing.
The completed assembly should be shipped in a thin walled moulded pulp protective recyclable casing (Ma, Soh and Wang, 2004). Although this approach would have an additional design phase for the mould, it would create recyclable shipping materials with a more professional look than using more standard shipping materials, such as bubble wrap. The moulded pulp would hold the assembly more closely and would be light weight, reducing shipping costs. The moulded pulp shape would then be placed inside a standard recyclable cardboard box for final shipping.


5. [bookmark: _Toc75192512]Manufacturing Process Design

Table 12 demonstrates the steps required to take each individual component from the initial primary material to the parts that can be issued to the assembly line.
	Part
	Material
	1st Step
	2nd Step
	3rd Step
	4th Step

	Join
	Stainless Steel
	Fine Blank Punch
	Vibratory Tumbling
	
	

	Jaw
	1060 Alloy
	CNC Machine
	Knurl
	Anodise
	

	Cylinder
	1060 Alloy
	Casting
	Flashing
	Machine Holes
	Anodise

	Worm/Shaft
	Carbon Steel
	Lathe
	Zinc-Nickel Plating
	
	

	Drive Plate
	1060 Alloy
	CNC Machine
	Lead Thread Chamfer
	Anodise
	Ensat Insert


Table 12: Breakdown of lower-level part manufacture with treatment steps (Swift and Booker, 2018)
Traditional methods of manufacturing rely on the bulk processing of products in stages. This leads to long lead times for batches to be completed, high Work in Progress (WiP) and a large inventory at each stage. This approach builds waste into the process that makes assembly bloated and expensive by adding unnecessary non-value-added tasks (Production, 2016). To overcome this, the assembly design should rely on a ‘Just in Time’ continuous flow line (Wickramasinghe and Wickramasinghe, 2017). This approach, complemented with well written work instructions, supporting operator inspection criteria, will help to ensure a Right First Time approach when used with Layered Auditing initiatives.
Figure 10 shows how the assembly of the 3-Jaw Gripper Arm would flow through such an assembly line.

[image: ]

Figure 10: Potential production line layout

6. [bookmark: _Toc75192513]Conclusion
[bookmark: _GoBack]
The report has proven the requirements for designs to pass through a conceptual design review. With 70% of all costs of a product built in at the design stage, it is critical to ensure that the design is suitable for manufacture. 
It is essential that the product meets customers’ requirements so that the company can take full advantage of the potential market for the product and anticipate potential sales volumes. The Product Design Specification can be compiled to add defined values to the customer requirements and ensure the final design conforms to the customer needs. Understanding the potential sales volumes is also important to guarantee that the correct manufacturing processes are chosen, as the most profitable solution depends upon the material and the sales volume to determine profitability beyond the initial setup costs.
Furthermore, it is important to consider the practicality of the design from a manufacturing and assembly perspective in the form of a Design for Manufacture/Assembly (DFMA). Once the processes have been determined, the design of each component must be revisited to ensure it can be manufactured with the chosen method. This step can help to reduce the number of tools required, prevent tolerancing beyond the capability of the process and ensure that the part can be manufactured in the way it was initially designed. Designing for assembly can help to identify the limitations of the design that could have a direct impact on the production line and their ability to produce the completed assembly on time and on budget. Any change to the design at the assembly stage will incur significant costs, rework and delays.
It is also important to identify any risk to the effectiveness of the design on the completed assembly. By working through each of the components methodically in the form of an FMEA, it is possible to pre-empt and prevent oversights in the original design before they are seen in a completed product.
By adopting a Lean approach to manufacturing in the assembly stage, the company will incur minimal costs due to excessive WIP, transport, storage and rework downtime.
The original design concept of the 3-Jaw Gripper can be successfully manufactured following the design changes specified in this report. 
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Part Name Image Stated Material Chosen Material Justification Manufacturing Process Justification Design Considerations Changes Required Redesigned Part

Join PVC Stainless steel -Metallic material required for fine blanking

-Removes need for post production corrosion 

treatment against other metals

-Extra cost of material against other metals 

justified as small part only

Fine Blanking 

Compound Die

-Quick to manufacture

-Batch manufacture

-Compound die cost offest by reduction in number of 

process steps and cycle time

-Fine blanking produces good edge finish with no post 

production deburring required

-Square edges are permissible

-Tighter tolerances are achievable

- Holes must be at least 1.5 times the thickness of the material 

away from each other

- Hole sizes should be equal to or less in diameter than the 

material thickness

- Maximum material thickness is 13mm

None N/A

Cylinder 1060 Alloy 1060 Alloy -Lightweight material

-Soft (easy to machine, less wear on tools)

- Cannot rust (but can corrode)



Die Casting -Complex shapes possible

-Multiple castings can occur simultaneously

-Reduction in weight due to thin wall design

-Little waste material

-High die costs justified by volume

- Internal Overhangs should be removed

- Split line to be identified

- Draught angle from split line required

- No sharp edges permitted

- Wall thicknesses must be consistent

- Walls should be thin (change block cross-sections to 'I' cross-

sections)

- Support walls/bosses with 'ribs'

- Remove unused features

- Holes should not be drilled through fillets

- Diameter of cup changed to remove internal tab overhang

- Parting line identifed as top of tabs

- Draught angle of 1 degree from parting line added

- 1mm Fillet added at all 90 degree joins

- Wall thickness changed to match tabs

- Wall design changed to 'I' section

- Internal rib supports added to internal base

- Extra cut in external tabs removed

- Motor fixing holes moved 2mm closer to centre of part

Drive Plate 1060 Alloy 1060 Alloy -Lightweight material

-Soft (easy to machine, less wear on tools)

- Cannot rust (but can corrode)



Cut from Rod

5 Axis CNC Machine

-No manual interaction with part during manufacture

-Automated process that can be run with little 

supervision

-Operations can be completed in a single machine

-No 90 degree angles at feature joins

-No material overhang

-Clearance for tool path required

-Add 2mm fillet at block joins

-Blocks constrained to plate profile

-2mm rad applied to block edges

Jaw PVC 1060 Alloy -Lightweight material

-Soft (easy to machine, less wear on tools)

- Cannot rust (but can corrode)



CNC Machine -Size of part makes casting with realistic wall 

thicknesses difficult to achieve

-Machining from solid material provides strength

-Automated process that can be run with little 

supervision

-Operations can be completed in a single machine

-Internal Sharp angles difficult to machine -Add 2mm rad to all interior angle joints

Shaft/Worm 

Hybrid

1060 Alloy Carbon Steel 

Grade 8

-High strength

-Resistance to wear

-Hard



Cut from Rod

Shaped on a lathe

- Both features required can be manufactured with 

rotary motion

- Both features can be machined from the same 

direction, minimising part handling

- Reduce machining operations to a minimum

- Fillet corner and chamfer edges for increased tool life

- Required number of full threads should be specified

- Leading threads should be chamfered to aid assembly

- Only two features, both from same direction

- Design update with fillets and chamfer

- 26 full threads required

- Design updated to chamfer leading thread
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Join Method

Shaft 

Length

Diameter Fit

Lower 

Tolerance

Upper 

Tolerance

Hole Size 

(mm)

Design Changes

Cylinder to Jaw Pull Ring Detent Pins 12mm 5mm Average Clearance 0 +18 5.00 - 5.02 Increase hole diameters to accommodate 5mm 

Jaw to Join Nylon Snap Lock Pins Push-In Rivet 7.8mm 2.5mm Close Clearance 0 +10 2.50 - 2.51 Increase hole diameters to accommodate 2.5mm

Join to Drive Plate Nylon Snap Lock Pins Push-In Rivet 7.8mm 2.5mm Close Clearance 0 +10 2.50 - 2.51 Increase hole diameters to accommodate 2.5mm

Cylinder to Motor Phillips Shoulder Screw 5mm 3.5mm Average Clearance 0 +18 3.00 - 3.02 None


image18.emf
B&D DFA Design Efficiency

Component ID "A" Essential "B" Non-Essential

Motor 1

Cylinder 1

Shaft 1

Worm 1

Drive Plate 1

Jaw 1 1

Jaw 2 1

Jaw 3 1

Join 1 1

Join 2 1

Join 3 1

Pull Ring Detent Pin 1 1

Pull Ring Detent Pin 2 1

Pull Ring Detent Pin 3 1

Phillips Shoulder Screw 1 1

Phillips Shoulder Screw 2 1

Phillips Shoulder Screw 3 1

Phillips Shoulder Screw 4 1

Ensat Insert 1

Nylon Snap Lock Pins Push-In Rivet 1 1

Nylon Snap Lock Pins Push-In Rivet 2 1

Nylon Snap Lock Pins Push-In Rivet 3 1

Nylon Snap Lock Pins Push-In Rivet 4 1

Nylon Snap Lock Pins Push-In Rivet 5 1

Nylon Snap Lock Pins Push-In Rivet 6 1

Total 9 16

Design Efficiency (A/(A+B))*100 36.0%
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Item: FMEA number:

Model: Page :

Core Team: FMEA Date (Orig): 1

Actions Taken

S

e

v

O

c

c

D

e

t

R

P

N

Surface too 

smooth

Gripper unable 

to lift parts

8

Lack of 

textured 

edge to jaw 

contact 

points

8

No current control 

outside of final 

function test

10 640

Add post-machining 

step to add a 

knurled finish

Part redesigned to 

add textured inner 

surface

8 1 1 8

Contact point at 

front of jaw 

wears/fractures

Increased 

breakage/Short 

working life of 

gripper

7

Machined 

contact 

point too 

thin

9

No current control 

outside of final 

function test

10 630

Change contact 

point design from 

point to 3mm thick 

flat

Part redesigned to 

add flat and 

increase strength

7 1 1 7

Worm/Shaft 

Hybrid siezes on 

through hole

Worm/Shaft 

Hybrid cannot 

rotate

8

Worm/Shaft 

Diameter 

same as 

hole 

diameter

5

Only combinations 

of lower than 

nominal 

worm/shaft 

diameter and 

higher than 

nominal Cylinder 

holes will work

10 400

Increase hole size 

in cylinder to 

prevent tolerance 

clashes

Hole diameter 

increased to 4mm

8 1 1 8

Jaws cannot be 

held in blocks

Unable to 

assemble

10

Half of 

blocks 

missing 

holes

10

Assembly issue not 

identified until in 

production

10 1000

Add through holes 

algined through 

fixing tabs to 

accommodate 

fastners

Design update to 

add missing holes

10 1 1 10

Jaw fixing blocks 

could snap

Gripper unable 

to function

8

Holes in 

tabs are too 

close to the 

edge of the 

material

4

Would not be 

identified until 

testing phase

10 320

Move tab hole 

locations into centre 

of tabs

Design updated to 

reposition holes

8 2 1 16

Fixing points and 

Gripper Jaw bind

Gripping seizes 8

Fixing 

points 

spacing 

same as 

Jaw width

5

Only combinations 

of higher than 

nominal spacing 

between fixing 

points and lower 

than nominal Jaw 

widths will work

7 280

Update cylinder 

design so fixing 

points will work with 

tolerance 

combinations

Cylinder design 

spacing opened 

up to prevent all 

clash conditions 

8 1 1 8

Worm/Shaft 

Hybrid seizes in 

fixing hole

Difficult to 

assemble central 

thread onto 

Worm/Shaft 

Hybrid

7

Leading 

threads not 

provisioned 

for chamfer

10

No provision for 

chamfer made

10 700

Update design to 

require a chamfered 

leading thread

Add additional 

post machining 

step to chamfer 

leading thread

7 1 1 7

Central thread 

wears under use

Loss of primary 

function

9

Aluminium 

is too soft 

and wears 

quickly 

under 

constant 

motion

4

Current hole 

design is threaded  

but durability is 

untested

6 216

Update design with 

insert/helicoil fixing

Design updated to 

increase hole size 

to incorporate an 

'Ensat' stainless 

steel self-tapping 

insert to protect 

the thread

9 1 1 9

Join

Holes in incorrect 

position

Unable to mount 

joins to Cylinder

10

Tolerances 

unspecified 

for hole 

positioning

6

Tolerance stackup 

would mean only 

small percentage 

would not engage 

fully

4 240

Add acceptable 

tolerance 

specification to 

drive manufacturing 

process selection

Design update to 

add positional 

constraint

10 1 1 10

Worm/Shaft 

Hybrid

Worm/Shaft 

Hybrid can fall 

out of motor

Assembly pulls 

apart under load

8

Installation 

relies on 

push fit, 

hole 

diameters 

are the 

same

6

Only combinations 

of higher than 

nominal diameters 

of Hybrid and lower 

than nominal motor 

diameters will work 

- could pull apart 

under load

7 336

Add tolerance 

specifications for fit

Design updated to 

stipulate an 

'interefernce 

tolreance' fit

8 2 1 16

Gripper Jaw

Cylinder

D

e

t

e

c
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