







Programme: Degree Apprenticeship Engineering Portfolio (Part Time Mode of Attendance)
Module: Manufacturing Design & Technology
Module Code: ACMA5002
Assignment Title: Design, Development and Manufacturing – 3-Jaw Cobot End-effector.

Scott Roberts

















Contents
1	Introduction	3
1.1	Background	3
2	Concept Design Appraisal	3
2.1 Quality Function Deployment	3
2.1.1 Voice of the Customer	3
2.1.2 Product Planning – Voice of the Engineer	4
2.2 Design Failure Modes Effects Analysis (DFMEA)	5
2.3 Design Specification	6
2.3.1. Operation	7
2.3.2. Dimensions	7
2.3.3. Aesthetics	7
2.3.4. Power	7
2.3.5. Volume	7
3	Manufacturing Process Proposal	7
3.1 Manufacturing Process Selection	7
3.1.1. Casting	8
3.1.2. Machining	8
3.1.3. Metal Injection Molding	9
4	Design and Development Work	9
4.1	Design for Manufacturing – Machining	9
4.2	Design for Manufacturing – Metal Injection Molding	10
5 Conclusion	10
References	14

Appendices
Appendix 1: QFD Performed on “3 Jaw Gripper”……………………………………………………11
Appendix 2: DFMEA on “3 Jaw Gripper”……………………………………………………………12



Table of Figures
Table 1:Customer requirements for the "3 Jaw Grippers"	4
Table 2:Technical Requirements for the "3 Jaw Gripper"	5
Table 3:Applicable Product Design Specification Characteristics	6

1 [bookmark: _Toc74845841]Introduction 

1.1 [bookmark: _Toc74845842]Background 
Product development is a fundamental aspect of manufacturing, effective product development leading to a successful product or products can lead to substantial fiscal and non-fiscal benefits. The obvious benefit which is highlighted often is the financial gain. In addition to these potential non-monetary benefits can lead to a company profiting for example with increased customer satisfaction, enlarged market share, improved reputation and other benefits.  
This report aims to cover the design phase of the development of 3 Jaw Gripper-End Effector which will be designed for use on co-bot systems. A concept design has been provided and the report is not intended to generate a new concept design. The report is concerned with appraising the conceptual design provided and optimising manufacturability of the design.

2 [bookmark: _Toc74845843]Concept Design Appraisal 

[bookmark: _Toc74845844]2.1 Quality Function Deployment
The use of the Quality Function Deployment (QFD) assessment was selected to gain an appreciation of customer requirements and needs. The purpose of QFD is to provide a connective process to focus the development on the needs of the customer and to provide a basis for the total development of the product (Bouchereau & Rowlands, 2000). 
The use of the QFD technique known as the House of Quality matrix was utilised. The general format of the technique is constructed into six components: 
· Developing an understanding of customer requirements. 
· Determining the technical requirements. 
· Producing a planned matrix. 
· Reviewing to understand the relationship between technical and customer requirements. 
· Performing a technical correlation activity. 
· Determining technical priorities. 


[bookmark: _Toc74845845]2.1.1 Voice of the Customer  

Due to the inability to discuss requirements and needs directly with the customer a literature review was performed to gain an appreciation of the requirements. This market research was performed online and involved the reviewing of literature associated with the development of “Jaw Grippers”. The research performed provided an insight into the market of “End of Arm Tooling (EOAT)” and provided a useful basis for the concept design appraisal. The market research first looked into the general market of EOAT, discovering the wide range of grippers available within the market. 
A consensus within the market research was that there was an emphasis on product reliability. This reliability was measured on the ability for parts to be secured, avoidance of tool changes and preventive downtime due to increase maintenance regimes (Preseren, et al., 2005). The research led to the development of a weighted customer requirement table (Table 1). This table was compiled by rating each customer requirement between a 1 for low importance to 5 for high importance. 
	Customer Requirement
	Customer Importance
	Percent of Customer Importance

	Required the “3 Jaw Gripper” to be low cost. 
	4
	16.67%

	Required the part to be durable due to frequent impact and movement of loads. 
	3
	12.50%

	Required the part to be accurate to prevent load damage and inefficiencies in the process. 
	4
	16.67%

	Required the part to be reliable to prevent downtime due to tool changes. 
	5
	20.83%

	Required the part to be lightweight to improve robotic acceleration speed. 
	2
	8.33%

	Required the part to be robust to handle mass of the load without deforming.
	3
	12.50%

	Required the part to be easy to use, including the replacement and maintenance process. 
	3
	12.50%

	Weights: 1 = without importance, 2 = little importance, 3 = important, 4 = very important, 5 = imperative. 


[bookmark: _Toc74842389]Table 1:Customer requirements for the "3 Jaw Grippers"

[bookmark: _Toc74845846]2.1.2 Product Planning – Voice of the Engineer  

The customer requirements provides a basis for the design, the second phase to the QFD process (App 1) is developing the technical requirements. The second phase is often seen as the phase where the product planning begins as technical requirements are defined and these determined to ensure the product meets the requirements of the customer (Lopez, et al., 2005). 
After reviewing the defined customer requirements, the technical requirements were established (Table 2) 

	Technical Requirement
	Unit of Measurement (Range/Value)
	Observations

	Total Part Size
	cm x cm
	The final size of the project must be adequate to handle specified product. (Conceptual design performed).

	Length of gripper 
	
	

	Width of gripper 
	
	

	Diameter of base
	
	

	Total Part Weight
	Grams
	The final weight of the product when assembled must be considered. A greater weight will slow the equipment down but could provide sturdiness to the product. 

	Weight of product when assembled. 
	
	

	Weight of individual parts
	
	

	Resistance to Deforming 
	Visual Checks
	Determine the products ability to resist deforming when handling the required mass. 

	Material Specification
	Material Name
	Product design material will have an impact on cost, weight, durability. 

	Manufacturing Precision
	% 
	Define required precision to optimise reliability and maximise manufacturing. 

	Cost of Production
	£’s
	Maximise efficiencies without decreasing product quality. 

	Product Design (Aesthetics)
	Subjective
	Product is required to have a satisfactory surface finish and edge finish to prevent roughness, equipment does not require “decoration”. 

	Colour
	
	

	Finish
	
	


[bookmark: _Toc74842390]Table 2:Technical Requirements for the "3 Jaw Gripper"
The established technical requirements were then fed into the House of Quality spreadsheet to determine the correlation of the technical requirements to the customer requirements. The outcome of the HoQ was that the weighted score indicated that the customer main focus was on reliability. The HoQ assessment also concluded that the ability for the product to be able to resist deforming when handling mass was the most important technical requirement. On reflection the inability to meet this technical requirement could reduce the products ability to be classed as durable, accurate, reliable and easy to use. Therefore, there was a strong correlation between the customer requirements and this technical requirement. 
The lowest scoring technical requirement was the product design in relation to product aesthetics which scored an importance score of 5.77%. This was to be expected as the customer requirements did not specify a requirement for aesthetic design and the intend use of the product would not require this. Therefore, the concentration of the design will be around production functionality and not visual cosmetics. 

[bookmark: _Toc74845847]2.2 Design Failure Modes Effects Analysis (DFMEA)

A design failure modes effects analysis (DFMEA) was performed with the purpose of identifying the potential failure modes of the product. The initial DFMEA was performed to identify potential failures which could be corrected in the design process. The DFMEA is very important at the concept design phase, as errors during this phase are difficult to compensate for further into the design (Teoh & Case, 2003). 
The DFMEA performed identified several design considerations which would improve the products reliability and functionality. The jaws are a critical aspect of the part and during the DFMEA several potential failure modes were identified, with three failure modes resulting in a potential severity of “8” meaning that the part would be inoperable with loss of the primary function. The most significant potential failure mode was as a result of no consideration being given to a securing method of the jaws and the joints. An action was taken to develop a securing method which would be durable and provide flexibility to customer to replace parts. 
The initial concept design of the 3 jaw grippers shows two assembly holes intended for use with the 3 sets of joints to secure the jaws to the drive plate. The design then extends further into a point with minimal surface area. This minimal surface area reduces the “grip area” of the jaws, this decrease would have potentially caused reliability issues gripping items. This was identified during the DFMEA as an area which could fail. An action was generated to increase the surface area of the gripper at the point of gripping to improve reliability.     

[bookmark: _Toc74845848]2.3 Design Specification

The initial concept design consisted of the following parts:
· A set 3 of jaws. 
· A cylinder housing. 
· A driver plate. 
· A motor. 
· A set of 3 joints. 
· A shaft. 
· A worm assembly. 
The basis of the design specification was developed from the QFD performed and the initial concept design. As the intent of the project was to create a “3 jaw gripper” no other configuration was considered during the specification phase. 
With an emphasis in the QFD on keeping the part lightweight to optimise operational speed, the material selected was aluminium. Aluminium provides a lighter weight alternative to mild steels and does not rush so aesthetically there was no additional requirement for coating or painting the jaws. The development of a product design specification is essential, with the specification detailing what the product is to provide and to outline the objectives of the design (Kent, 2017). 
The product design specification was created using an initial assessment of applicable design characteristics using product design specification checklist. The applicable characteristics for consideration were identified (Table 3). 

	Product Design Specification Characteristics

	Aesthetics
	Complexity
	Delivery Requirements
	Function

	Assembly
	Cost
	Fatigue
	Lead Time

	Bought-in parts
	Customer
	Finish
	Manufacturing

	Maintenance
	Quality
	Size
	Material Selection

	Performance
	Quantity
	Timescales
	Tools

	Process
	Reliability
	Weight and Wall Thickness
	Use Factors


[bookmark: _Toc74842391]Table 3:Applicable Product Design Specification Characteristics

This initial assessment identified various design specifications characteristics which required to be considered and included in the product design specification. The specification covered the general operation and design characteristics of the product. 

[bookmark: _Toc74845849]2.3.1. Operation
The part is required to open and close, this will be powered through the use of a motor which will rotate the shaft. The shaft will then be attached to a worn which will move the drive plate and the jaws will open with support from the joints. 
The part must grip the required items with sufficient strength to move the item but not damage the item. 
Operation of the part should not be complex and should be designed for operational reliability. 
The part will be used in indoor environments and will bot be subject to weathering. 

[bookmark: _Toc74845850]2.3.2. Dimensions
The part should be a maximum length of 100mm and a width of 50mm. 
The part should not weigh more than 150g. 
The part should be mounted into a Co-Bot. 
The parts should have consistent wall thickness. 

[bookmark: _Toc74845851]2.3.3. Aesthetics
The part must resemble a 3 jaw gripper. The part should be well finished but additional coating, painting is not required to enhance the aesthetics. 

[bookmark: _Toc74845852]2.3.4. Power 
The motor will be connected into mains power and should be capable of use with 110V supply. 

[bookmark: _Toc74845853]2.3.5. Volume
The part will be required in volumes of between 1000 – 2000 on a weekly frequency. 

3 [bookmark: _Toc74845854]Manufacturing Process Proposal

[bookmark: _Toc74845855]3.1 Manufacturing Process Selection

The customer specified a volume of production between 1000 to 2000 units per week. A breakdown of the parts indicated a high volume of production required. The design consisted of parts requiring manufacturing and other parts which could be sourced. The decision was made that the following parts would be sourced: 
· Motor 
· Worm Assembly
· Shafts
· Grub Screws (Jaws to Driver Plate)
· Grub Screws (Jaws to Joints)
The assembly would require parts to be manufactured bespoke for the concept design. The maximum volume of production per week for the selected parts for manufacturing would consist of: 

· 6000 - Jaws 
· 2000 - Cylinder house 
· 6000 - Joints
· 2000 - Driver plate

A total of 14000 parts could be potentially required to complete the assembly. A suitable manufacturing process was required to make this manufacturing feasible. A variety of manufacturing processes could potentially be used for the manufacturing of these parts. However, consideration was given to the volume and speed of required production. Research was performed into manufacturing processes which could be suitable for the volume expected.

[bookmark: _Toc74845856]3.1.1. Casting 

There are a variety of casting methods with methods such as die casting, sand casting, centrifugal casting and a selection of other. The option of casting was considered for the cylinder house and the driver plate. The use of casting was considered due to the advantage of the method being capable of creating complex parts, being able to be produced with mass production in mind and with the option of designing to allow for net shape (Groover , 2010). 
Due to the volume of production the casting would need to be a permanent mould processes, as an expendable mould process could prove costly. However, a permanent mould process would likely increase the cost of manufacturing as they will often be made from metals to retain strength during the processes. The disadvantages of casting are mainly related to the quality of the part after casting, dimensional accuracy due to shrinkage in the casting. As these parts will be forming a complete assembly then this could lead to quality complaints from the customer or assembly issues after manufacturing. 
The use of casting was not considering for the Jaws or Joints due to the simple complexity of the part and that a more appropriate manufacturing process would be available. 

[bookmark: _Toc74845857]3.1.2. Machining 

The option of machining specifically using CNC technology could see tee the parts begin production with minimal upfront investment. In addition, the use of a CNC for machining has multiple advantages. The main advantage of CNC machining is the ability for precise components due to CNC eliminating human error. A CNC has the ability to produce high volumes with less labour. The design of the jaws and joints were selected to be manufactured through the use of CNC. 
The use of machining for the cylinder house and driver plate was not feasible and alternative manufacturing methods were decided upon. Due to the shape of the cylinder housing and the driver plate would require a variety of machining techniques with main one being turning. This method would likely slow down production and make the achieving the volumes of orders not feasible. However, due to relatively simple design of the jaws and joints these would be able to be produced using a CNC. In order to achieve this the CNC would perform a simple milling process and a limited amount of drilling. 
The design of the jaws and joints would not need to be modified for manufacturing but a CNC program would require development. This machining process would allow for the preciseness required for assembly of the jaws and joints. 

[bookmark: _Toc74845858]3.1.3. Metal Injection Molding 

Metal injection molding (MIM) is a process which can be used for complex parts and the process involves shaping powdered metal similar to the injection molding process. The advantage of the MIM process in comparison to a casting process is the superior repeatability of the process. The process variability is in the range of 0.2%-0.5%, which makes it superior to casting but not the same precision as machining (Heaney, 2018). In addition to this advantage it is possible to gain a good surface finish from this method. However, due to the way the process is performed the parts will have a tooling line, ejector marks and gate locations. Due to the information gain during the QFD this would not be of concern as the aesthetic finish of the product was a low scoring customer requirement. 
Due the ability to produce high volumes which a high repeatability the decision was made to select MIM as the manufacturing process for the cylinder housing and drive plate. It was deemed that this process would be the most cost effective way of manufacturing the required volumes. It also provided a reduced production time in comparison to similar process methods such as casting and there would be a minimum finishing operation on the parts (Sandvik, 2021). 

4 [bookmark: _Toc74845859]Design and Development Work

4.1 [bookmark: _Toc74845860]Design for Manufacturing – Machining  

With the decisions to machine the jaws and joints consideration around the design of the jaws was required. Research into machining processes provided information which would be essential to execute the machining. The thickness of the two parts was not provided with the initial concept design but research showed that the suggest minimal wall thickness for machined parts was a minimum of 2mm. This minimum thickness would help with the rigidity of the part and contributed to increase accuracy when machining. 
The machining would take place utilising the milling process as the primary method with the addition of drilling for the connection points. The initial concept design does not require substantial changes for the machining process and instead design changes were made to improve the potential reliability of the part. In order to improve the grip reliability of the jaws an increase grip area would be designed prior to the CNC program which would increase the surface area of the jaw. The sharp corners on the jaw design would need to be rounded to avoid increase tensions on those points of the design during the machining process. 


4.2 [bookmark: _Toc74845861]Design for Manufacturing – Metal Injection Molding   

With the selection of Metal Injection Molding (MIM) as the manufacturing technique, consideration had to be given around the design of the parts and alterations to make it feasible. Research into MIM discovered that variances in wall thickness can be an issue when manufacturing using MIM. This will not cause issues with the parts in their current design as there was a uniformed wall thickness. This uniformed wall thickness of the parts will help to reduce the likelihood of process errors and improve the overall quality of the product. A benefit of the MIM process is the ability to place material where it is needed for function or strength. This technique in manufacturing can cut down on material usage, weight and improve product design. This technique is called coring and mass reduction, a review of the design shows there were opportunities to perform coring on the jaws and the cylinder house. Additionally, the sharp corner at the base of the cylinder housing should be rounded to avoid the sharp corner as this can increase the risk of granulated inflow within the part. 

[bookmark: _Toc74845862]5 Conclusion

In conclusion, the initial concept design was a good basis for the 3 jaw gripper product. The volumes of 1000 – 2000 on a weekly basis was a challenging volume. The QFD highlighted several important customer requirements and also highlight the technical requirements which were to be met. Overall, after performing the assessment of the failure effect and modes it was decided that there were several areas of weakness in the design which were improved. The decision to produce the parts using two separate techniques would ensure that the parts were made efficiently for the volumes created. When reviewing production processes several processes could have been effective for in manufacturing the product. However, the selected methods of machining and metal injection molding will ensure the quality is achieved. 
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Appendix 2: DFMEA on “3 Jaw Gripper”. 
[image: ]
References
Bouchereau, V. & Rowlands, H., 2000. Methods and techniques to help quality function deployment (QFD). Benchmarking: An International Journal, 7(1), pp. 8-20.
Groover , M., 2010. Fundamentals of Modern Manufacturing. s.l.:Wiley.
Heaney, D. F., 2018. Handbook of Metal Injection Molding. 2nd ed. s.l.:Elsevier.
Kent, R., 2017. Quality Management in Plastics Processing. s.l.:Elsevier.
Lopez, A. et al., 2005. Quality Function Deployment: An example of the application of the house of quality (HOQ) to cartography, Spain: Universidad de Jaen.
Preseren, J., Avgustin, D. & Mravlje, T., 2005. Guidelines for the design of robotic gripping systems, s.l.: s.n.
Sandvik, 2021. Advantages of Metal Injection Moulding. [Online] 
Available at: https://www.metalpowder.sandvik/en/products/applications/metal-injection-moulding-mim/mim-advantages/
[Accessed 11 June 2021].
Teoh, P. C. & Case, K., 2003. Failure Modes and Effects Analysis through Knowledge Modelling , Dublin: Dubkuce City University.





2

image1.png
‘Youneed only to ill the white and blue calls. Relationships: 9 3 1
Suong | Moderste  Wesk | None

Desved deaction ofmprovement (.0, o v T o v v v
Functional Requirements (How)
o, 5 igh > . _ 7
z z £ £ £ H 2
-] ] 2 s i i 3
S 3 H = 2 ] Kl B =
o g B £ H g z £ e £ | veghed
imponance - ge E = : ? 2 z g Soore.
12 ) s E - = z 3 B & 3
N £y =8 g = £ H
Customer Requirements - wnay | 5 | £ E
+ S 2E
3 Jiowoes s s | s b b s o s s
+ Joumbie 3 | us | o : s : o : o
+ [rcame s e | s o : : s : o
s lRetabie s s | s o s o s o o
T 2 | am s s o : o o o
+ | Robusttonandiemassotioad 3 |uw | o : s : o o o
2 leesyowe 3 | us| o o 5 o : o o
Teshrioa mpanance seae 30 £ 2 2 2 s )
Imponance . Ba | nse | me:m | e | 1 £r) s
Pries ank 2 . 1 3 3 s G




image2.png
FAILURE MODE AND EFFECTS ANALYSIS

- o f——" . r—
s P f— s e .
— S [ ———
< g g eion e
N e HEN J—
promssFunton | ¢ ot | e | | ? | mechamomerotratoe |5 Proce |1 B | PRI adtwm [, [s[o[o]®
: oo R commioree HHHE
s v c Taken Iy lclt| n
[— [——
—— it s
it e
e, e e e |5 s corv || s [ s (55 .
rmriie el [y
e P oo
e e
- [— [—
[t , gt B s e
L | e 7o | o| o [T K o
e | [—— e
P Uty
o . . s
et | et b e eren
ey Sl N,
i Ouresrngatne | 7 oG o | 3| 1 [P0 o .
(e pos
e
bae e
e s
s e s e -,
(S—— e e corvs | 2| o5 ot fomene .
e
bes
e
N VY 1N I S —— ) N——
[— o : [y e— .
o] A s e
[ o g





