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[bookmark: _Toc43389976]Introduction
The next industrial revolution is here! Commonly known as the fourth industrial revolution, it will include the introduction of robotics within the manufacturing sector, and should address repetitive low skilled pick and place tasks. According to Oxford economics, trends suggest by the year 2030 robotics could replace as much as 20million jobs worldwide. (Economics, 2020) Considering the impact of robotics on production, I will report on the design and development of a three-jaw gripper/end effector. The end effector needs to be flexible and adaptable to multiple pick and place applications.
This report will appraise the concept design shown below, a critique and risk assessment using design tools. I will offer a newly designed and developed product with fully specified drawings and Providing material and manufacturing solutions using proven design techniques to deliver design efficiency savings. 
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[bookmark: _Toc43389977]Specification
The three-jaw/end effector needs the ability to be used on a range of pick and place operations. Below is my scope, which will ensure that my design will fit its function. 
[bookmark: _Toc43389978]Scope Statement
	Project Objectives
	To undertake a design study to develop a three-jaw/end effector to be used on a robot/co-bot system.

	Deliverables
	· Flexible/adaptable design to be used on a range of pick and place operations.
· QFD review, understanding what the customer needs.
· Design improvements for greater accuracy.
· Gripping Repeatability.
· Reduction of waste, over-complicated designs or inefficient parts of the jaw should be improved. 
· Manufacturing process for production.
· Fully specified drawings.

	Milestones 
	Items
	Date

	
	· Design review
· FMEA
· Designs
· Manufacturing process 
· material environment and suitability
· Hand in project for review
	n/a
n/a
n/a
n/a
n/a
12-6-2020

	Technical requirements 
	· Fully specified drawings included, tolerances to consider fitment of parts. ISO 128/ BS 8888
· The environment of materials used and what effect they may have on each other. 
· Solid works.

	Limits
	Delivery date 12-6-2020

	Stake Holders
	University of Trinity Saint David (Richard Morgan)



[bookmark: _Toc43389979]House of quality 
House of Quality refers to a well-known process for product development that is inspired by customer desires for product or process development. It is a process of listening to customers, translating their wishes into a written plan, prioritising steps of execution based on what is most important to the customer, and putting a realistic idea on paper. (Anon., 2020)
[bookmark: _Toc43389980]Customer needs
The Kano diagram is a product development tool categorising customer's specification requirements and preferences. 
The graph below shows the customer satisfaction against the degree of achievement. green 'basic needs' needs should be addressed, red 'performance needs' more addressed is better, lastly in blue 'attractive needs' at least one should be used this should give a competitive edge. (Anon., 2020)
[image: ]	Comment by Richard Morgan (Engineering): Do you need to reference this image?Figure 1. Source -  (Team, 2020)

	3 Jaw Gripper / End Effector

	
	Attractive needs
(not expected)
	Performance needs
(more is better)
	Basic needs
(must be)

	Need 1
	Able to hold large objects 50mm+
	A yield of 80% (pick up rate)
	Open and close

	Need 2
	Able to hold heavy objects 5kg+
	Location accuracy 2mm
	Be able to hold an object/ and release

	Need 3
	Able to hold round and square objects
	Easily maintainable 
	

	Need 4
	
	lead time before maintenance
	

	Need 5
	
	Able to hold round objects up to 50mm
	

	
	
	Able to hold an object up to 5kg
	



[bookmark: _Toc43389981]Weight importance for the QFD diagram
The QFD requires an interview stage to know customer needs. In the QFD diagram below, the customer determines weight/importance. For example, if a Doctor needed this product to assist during surgery, how important is price compared to accuracy of pick and place movement? How vital is dimensions compared to the weight? Weight determines what's important to the customer I am acting as the customer in these examples.
[bookmark: _Toc43389982]QFD diagram
The QFD diagram determines if the current design meets the customer's needs and requirements. The Kano diagram represents the voice of the customer. This information is feed into the demanded quality. A relationship value is measured using quality characteristics and demanded quality. The result is a set of matrices which facilitate the importance of each feature, if scored poorly will decide where to prioritise workloads. 


[bookmark: _Toc43389983]Highest priority QFD	Comment by Richard Morgan (Engineering): Great application of QFD tool
Three results all score 11.8 and above.
	Quality characteristics
	Target value
	Take away

	Universal gripping (11.8)
	Able to hold round and square objects.
	Can the current design hold circular/cylinder objects? Kano market research has highlighted this as attractive, a design to hold multiple forms or shapes.

	Rate of pick up (12)
	80%+ pick up rate
	Is the current 3-jaw gripper able to pick up parts with a pickup rate greater than 80% plus, after reviewing the joins and rivets it's prone to movement and failure, consider removing them when redesigning.	Comment by Richard Morgan (Engineering): It would be good if you could include some text to summarise the findings and ‘take-away’ from the QFD exercise completed above. How is the result of the QFD informing your design and development work?

	Accuracy (11.9)
	To be accurate to 2mm
	Are the jaws able to meet together evenly, within an accuracy of 2mm? Consider removing any parts which may alter the position of the jaws to meet together accurately. 
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[bookmark: _Toc43389984]Design Tree
A design family tree to visualise the assembly areas/functions and failures, the first row explains what the assembly function is, and function failures. Second row labelled areas per assembly, broken into three areas, Gripping system, Screw system, motor(drive) each explained the function and potential failure, the third row is the parts required to make that area with the same details as before, function, failure. All this information will populate my FMEA.
	[bookmark: RANGE!B2:J47]Design Tree
Three jaw gripper/end effector

	Assembly
	Assembly function
	Overall Failure
	Areas per assembly
	Area function
	Failure Modes
	Parts per area
	Part function
	Part Failure

	Three jaw gripper assembly
	
	 
	Gripping system
	

	 
	Rivet
	Connecting jaws to join
	Rivet shear

	
	 
	 
	
	 
	Doesn't open
	
	 
	Rivet loosen

	
	 
	 
	
	 
	 
	
	 
	Rivet shear

	
	 
	Doesn't pick up part
	
	 
	 
	
	Connecting jaws to cylinder
	Rivet loosen

	
	 
	no function
	
	Open and close
	 
	
	 
	Rivet shear

	
	 
	 
	
	 
	Doesn't close
	
	connecting jaws to drive plate
	Rivet loosen

	
	 
	 
	
	 
	 
	Jaws
	Pick up part
	Jaws too weak to hold part

	
	 
	Drops part
	
	 
	 
	
	
	Jaws miss aligned

	
	 
	no function
	
	 
	Accuracy of gripping
(knocks part over)
	
	 
	Jaws knock the part over

	
	 
	 
	
	 
	Accuracy of gripping
(positions part incorrectly)
	
	 
	Jaws hold onto the part

	
	 
	 
	
	 
	 
	
	Release part
	Jaws release the part out of place

	
	Pick and place parts accurately
	 
	
	Grip objects evenly
	 
	
	 
	Jaws drop the part, and it falls

	
	 
	Doesn't position part properly
	
	 
	Grip jobs uneven
	Join
	Connect drive plate to jaws
	To thin (breaks)

	
	 
	partial function
	
	 
	 
	
	
	 

	
	 
	 
	
	 
	Only holds one shape
	
	
	To thin(bends)

	
	 
	 
	
	 
	 
	
	
	 

	
	 
	 
	
	Hold multiple shapes
	 
	Cylinder
	Hold jaws to cylinder
	Hole wear

	
	 
	Doesn't grip part evenly 
	
	 
	Not universal to multiple shapes
	
	Hold motor to cylinder
	Thread wear

	
	 
	partial function
	
	 
	 
	
	Connecting all parts
	Too thin(breaks)

	
	 
	 
	
	 
	 
	
	Ridged support
	Too thin(flexes)

	
	 
	 
	
	 
	Drops part
	Drive plate
	Connecting join
	Holes wear

	
	 
	 
	
	Hold objects up to 5kg
	 
	
	To drive jaws evenly
	Holes brake

	
	 
	Only picks up cylinders/round objects
	
	 
	Leaves part in position
	
	 
	Thread tight

	
	 
	 Partial function
	
	 
	 
	
	Connect worm gear to join
	Thread wear

	
	 
	 
	
	 
	 
	
	 
	Holes not aligned

	
	 
	
	
	 
	 
	
	Connect all joins at one point
	 

	
	 
	 
	Screw system
	 
	Doesn't turn, jaws do not open or close
	Worm screw
	 
	Thread to tight

	
	 
	 
	
	Turn to open/close jaws
	Stiff turning
	
	To drive jaws evenly
	Thread to lose

	
	 
	 
	
	 
	 
	
	 
	Thread miss aligned

	
	 
	 
	
	 
	Loose turning
	
	To connect shaft to drive plate
	Thread shear

	
	 
	 
	
	 
	Connection failure
	
	 
	 

	
	Supports multiple shapes
	 
	
	Connect jaws to motor
	Stiff connection
	Shaft
	Connecting motor to worm thread
	Shaft shear

	
	 
	 
	
	 
	Wear
	
	
	Shaft wear

	
	 
	Only picks up square objects
	
	 
	Too much movement
	
	
	Shaft miss aligned

	
	 
	partial function
	Motor
	 
	Motor doesn't turn
	Motor
	Driveshaft (jaws movement)
	Motor to fast

	
	 
	 
	
	Drive worm screw
	No drive
	
	
	Motor to slow

	
	 
	 
	
	 
	 
	
	
	Motor ceased

	
	 
	 
	
	Turn speed
	Motor turns to slow
	
	
	Motor wear

	
	 
	 
	
	 
	 
	
	
	 

	
	 
	 
	
	 
	Motor turns to fast
	Screws
	Hold motor to cylinder
	Screw shear

	
	 
	 
	
	 
	Grips to tight
	
	
	Screws loose

	
	 
	 
	
	Holding force
	 
	
	
	Screws worn

	
	 
	 
	
	 
	Grip to lose
	
	
	 


	Comment by Richard Morgan (Engineering): Nice work here. Good preparation for input to the FMEA 

[bookmark: _Toc43389985]FMEA report 
In essence, FMEA determines what might go wrong, how adverse the effect may be and how to prevent or mitigate it.
Recommendation actions updated with new design. 	Comment by Richard Morgan (Engineering): Excellent FMEA application. First glance – it looks to be well structured and thorough.
	[bookmark: RANGE!A1:Q24]FAILURE MODE AND EFFECTS ANALYSIS

	Item:
	End Effector
	
	Responsibility:
	Lloyd Davies
	
	FMEA number:
	1

	Model:
	3-Jaw Gripper
	
	Prepared by:
	Lloyd Davies
	
	Page :
	1

	Core Team:
	Stakeholder = Richard Morgan   Designer = Lloyd Davies
	
	FMEA Date (Orig):
	09/05/2020
	Rev:
	1

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

	
	
	
	
	
	
	
	
	
	
	
	
	Actions Taken
	Sev
	Occ
	Det
	RPN

	Gripping/ Open jaws
	Jaws will not open
	Part will not release from jaws
	8
	 
	1.rivet/dowel joint ceased
2.rivet/dowel stiff
3.screwstiff
4.screw ceased
5.motor ceased
	3
	1.rivet stress analysis
2.rivet fatigue strength
3.material strength rivet and screw
4.working clearances
5.engineered drawings
6.detection analysis
	3
	72
	 
	 
	 
	 
	 
	 
	0

	 
	Jaws will not open fully
	Unable to pick large parts
	6
	 
	1.rivet/dowel joint ceased
2.rivet/dowel stiff
3.screwstiff
4. screw ceased
5.motor ceased
	3
	1.rivet stress analysis
2.rivet fatigue strength
3.material strength rivet and screw
4.working clearances
5.engineered drawings
6.detection analysis
	4
	72
	 
	 
	 
	 
	 
	 
	0

	Gripping/ Close jaws
	Jaws will not close
	Part stuck in jaws, unable to continue
	8
	 
	1.rivet/dowel joint ceased
2.rivet/dowel stiff
3.screwstiff
4. screw ceased
5.motor ceased
	3
	1.rivet stress analysis
2.rivet fatigue strength
3.material strength rivet and screw
4.working clearances
5.engineered drawings
6.detection analysis
	3
	72
	 
	 
	 
	 
	 
	 
	0

	 
	Jaws will not close fully
	Unable to pick small parts
	6
	 
	1.rivet/dowel joint ceased
2.rivet/dowel stiff
3.screwstiff
4. screw ceased
5.motor ceased
	3
	1.rivet stress analysis
2.rivet fatigue strength
3.material strength rivet and screw
4.working clearances
5.engineered drawings
6.detection analysis
	4
	72
	 
	 
	 
	 
	 
	 
	0

	Gripping/ Evenly
	Part could fall over 
	Part is not collected or placed
	6
	 
	1.rivet/dowel joint movement
2.rivet/dowel stiff
3.jaw hole wear
4.join hole wear
5. cylinder hole wear
6.drive plate hole wear
7.motor movement (unstable pickup)
	4
	1.fully specified engineering clearances and fitment (rivet-dowel, jaw, join, cylinder)
2. motor screws include vibration lock nuts
	4
	96
	thoroughly critique design to address inconsistent accuracy, offer design improvements
	Lloyd Davies
Three weeks
	new gripping jaws and accurate track gripping.
	6
	3
	4
	72

	 
	Part could drop from jaws
	Pat is not delivered/ could affect machinery
	6
	 
	1.rivet/dowel joint movement
2.rivet/dowel stiff
3.jaw hole wear
4.join hole wear
5. cylinder hole wear
6.drive plate hole wear
7.motor movement (unstable pickup)
	4
	fully specified engineering clearances and fitment (rivet-dowel, jaw, join, cylinder)
2. motor screws include vibration lock nuts
	4
	96
	thoroughly critique design to address inconsistent accuracy, offer design improvements
	Lloyd Davies
Three weeks
	new gripping jaws and accurate track gripping.
	6
	3
	4
	72

	 
	Part positioned incorrectly
	part is out of position/ could affect process
	6
	 
	1.rivet/dowel joint movement
2.rivet/dowel stiff
3.jaw hole wear
4.join hole wear
5. cylinder hole wear
6.drive plate hole wear
7.motor movement (unstable pickup)
	4
	fully specified engineering clearances and fitment (rivet-dowel, jaw, join, cylinder)
2. motor screws include vibration lock nuts
	4
	96
	thoroughly critique design to address inconsistent accuracy, offer design improvements
	Lloyd Davies
Three weeks
	new gripping jaws and accurate track gripping.
	6
	3
	4
	72

	Gripping/ Multiple shapes
	Jaws unable to close on Square objects
	1. Part could drop
2. Part could leave in position
3. Jaws could jam on parts
	9
	 
	1.jaws designed for circular objects only
2.human failure to recognise the 3-jaw system
	10
	poka-yoke
	1
	90
	thoroughly critique the design, offer design to suit multiple object shapes 
	Lloyd Davies
Three weeks
	universal jaws, moved from 3 jaws to 2 jaws for universal gripping
	4
	2
	6
	48

	Gripping/ Hold 5kg
	Dropping parts
	part could damage other Equipment
	6
	 
	1.Motor output force
2.jaws too thin(weak grip)
3.shaft too small(weak transfer force)
4.thread tight
5.joins too thin(weak grip)
6.jaws to thin(shear)
7.shaft too thin(shear)
8.thread too thin(shear)
9.driv plate too thin(shear)
10.rivets dowel to small(shear)
	3
	1.stress analysis on all parts
2.fatigue strength on all parts
3.material strength on all parts
4.working clearances
5.engineered drawings
6.motor output analysis
	3
	54
	 
	 
	 
	 
	 
	 
	0

	 
	Part left in position
	unable to continue/waste of parts and time
	6
	 
	1.Motor output force
2.jaws too thin(weak grip)
3.shaft too small(weak transfer force)
4.thread tight
5.joins too thin(weak grip)
6.jaws to thin(shear)
7.shaft too thin(shear)
8.thread too thin(shear)
9.driv plate too thin(shear)
10.rivets dowel to small(shear)
	3
	1.stress analysis on all parts
2.fatigue strength on all parts
3.material strength on all parts
4.working clearances
5.engineered drawings
6.motor output analysis
	3
	54
	 
	 
	 
	 
	 
	 
	0

	Screw system/ Turn to open
	Jaws will not open
	1. Can't collect part
2.Damage gripper
3.unable to release part
	7
	 
	1.rivet/dowel joint ceased
2.rivet/dowel stiff
3.screwstiff
4. screw ceased
5.motor ceased
	3
	1.fully specified engineering clearances and fitment (rivet down, jaw, join, cylinder)
2. motor service schedule
	3
	63
	 
	 
	 
	 
	 
	 
	0

	Screw system/ Turn to close
	Jaws will not close
	1. Can't collect part
2.Damage gripper
	7
	 
	1.rivet/dowel joint ceased
2.rivet/dowel stiff
3.screwstiff
4. screw ceased
5.motor ceased
	3
	1.fully specified engineering clearances and fitment (rivet down, jaw, join, cylinder, screw, shaft)
2. motor service schedule
	3
	63
	 
	 
	 
	 
	 
	 
	0

	Screw system/ Connection to motor
	Stiff turning
	1.motor failure
2.Gripper unable to close or open
3. wear damaged parts
	4
	 
	1.shaft stiff 
2. drive plate stiff
3.screw stiff
4.motor stiff
	3
	1.fully specified engineering clearances and fitment (rivet dowel, jaw, join, cylinder, screw, shaft)
2. motor service schedule
	5
	60
	 
	 
	 
	 
	 
	 
	0

	 
	Too much movement
	1.wear on auxiliary equipment's 2. Accuracy of Gripper
	4
	 
	1.shaft worn 
2. drive plate worn
3.screw worn
4.motor worn
	3
	1.fully specified engineering clearances and fitment (rivet dowel, jaw, join, cylinder, screw, shaft)
2. motor service schedule
	3
	36
	 
	 
	 
	 
	 
	 
	0

	Motor/ Drive worm screw
	Motor doesn't Turn (no drive)
	Unable to use gripper
	8
	 
	1.motor overload
2.motor ceased
	3
	1.service schedule and life cycle of motor
	3
	72
	 
	 
	 
	 
	 
	 
	0

	Motor/ Turn speed
	Motor turns to fast
	1.Damage to parts
2.excess wear on parts
	5
	 
	1.motor worn
	3
	1.service schedule and life cycle of motor
	4
	60
	 
	 
	 
	 
	 
	 
	0

	 
	Motor turns to slow
	1.could affect process and me unusable
	4
	 
	1.motor worn and ceased
	3
	1.service schedule and life cycle of motor
	5
	60
	 
	 
	 
	 
	 
	 
	0

	Motor/ Force of grip
	Grips to tight
	could damage parts
	5
	 
	1.motor overload
2.Jaws to thin(shear)
	3
	1.motor research analysis
	3
	45
	 
	 
	 
	 
	 
	 
	0
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[bookmark: _Toc43389986]FMEA review
The FMEA reported Gripping Evenly a high risk, pointing towards the joining areas, where the parts have potential movement and wear issues this results in inconsistent gripping. The only mitigation is supplying fully specified DT drawings which leaves this operation open to faults throughout its life. The recommendation is to review the design process, using all the tools necessary try to limit the use of rivets and joins.

[bookmark: _Toc43389987]DFA 	Comment by Richard Morgan (Engineering): Perhaps some summary/conclusion commentary in relation to the FMEA would be beneficial – what are the main outputs?
A clear picture is forming from the QFD and FMEA report, and both reports have highlighted customer requirements and possible design failures. The DFA process critiques the ease of assembly, reducing assembly costs and the number of parts required, while maintaining the same design scope requirements.

	Design Efficiency (Component Appraisal Chart)

	N°
	Current Design/Part
	Description
	Rating

	1

	[image: ]
	Jaw
	B

	2

	[image: ]
	Cylinder
	B

	3
	[image: ]
	Drive plate
	A

	4
	[image: ]
	Motor
	A

	5
	[image: ]
	Join
	B

	6
	[image: ]
	Shaft
	B

	7
	[image: ]
	Worm thread.
	A


[bookmark: _Toc43389988]Design efficiency (component appraisal chart)















[bookmark: _Toc43389989]Design efficiency expressed as a percentage   3        
3 + 4
X 100 = 43%

[image: ]

[bookmark: _Toc43389990]Handling Index
	Handling Index

	Description(part)
	Manual Handling Analysis

	
	A
	B
	C
	D
	Total

	Jaw
	1
	0.7
	0.1
	0.2
	2

	Cylinder
	1
	0.7
	0.1
	0.2
	2

	Drive plate
	1
	0.7
	0.1
	0
	1.8

	Motor
	1
	0.7+0.4
	0.1
	0.4
	2.6

	Join
	1
	0.7
	0
	0
	1.7

	Shaft
	1
	0.7
	0
	0
	1.7

	Worm thread
	1
	0.7+0.3
	0.1
	0
	2.1

	Total Score
	13.9



 	Comment by Richard Morgan (Engineering): Good use of tools covered during lectures this year.

[bookmark: _Toc43389991]Fitting Index
	Fitting Index

	Description(part)
	Manual Handling Analysis

	
	A
	B
	C
	D
	E
	F
	Total

	Jaw
	6
	0
	0.7
	0
	0.7
	0.6
	8

	Cylinder
	6
	0
	0.7
	0
	0.7
	0.6
	8

	Drive plate
	3.3
	0.1
	0.7
	0
	0.7
	0.6
	5.4

	Motor
	6
	0
	0.7
	0
	0
	0
	6.7

	Join
	6
	0
	0.7
	0
	0.7
	0.6
	8

	Shaft
	3.3
	0.1
	0
	1.5
	0
	0
	4.9

	Worm thread
	3.3
	0.1
	0
	1.5
	0
	0
	4.9


	Total Score
	45.9



[bookmark: _Toc43389992]Part Review 
The house of quality highlighted some essential requirements from this product, and these were: -
· Able to hold round and square objects.
· 80%+ pick up rate
· To be accurate to 2mm

And the FMEA have highlighted some potential failures in the current design, the functions of failure were: -
· Gripping evenly
· Universal Gripping (round and square gripping options)

DFA (design for assembly) the design efficiency graph highlighted some B-parts which are not essential to maintain full functionality of the product, and these parts will be reduced or removed. Category A parts are not safe and may also be redesigned to enhance functionality.  
The handling index shows two parts which scored higher than 2, which implies these could be difficult to handle.
The fitting index scored highly for most parts. The top three parts were, cylinder, join and jaws all these parts are linked to each other and come under the umbrella of holding fixtures in my design tree, they all require dowels or rivets to fit to each other. They will be challenging and time-consuming to install.

[bookmark: _Toc43389993]Redesign proposals
I propose to address all issues covered in all three subjects QFD, FMEA, DFA with: -
· Change to a 2-jaw system.
· Use track runners for jaw accuracy and repeatability.
· Reduce the number of parts needed to link the motor to the jaws.
· Remove linking system, join and drive plate.
· Remove dowels and rivets.
[bookmark: _Toc43389994]New Design
[image: ]2-jaw gripper Assembly.




[image: ]        [image: ]       [image: ]Worm screw

Jaw
Centre Slider 



[image: ]                      [image: ]End Plate  
Main Body 


· Motor = remained the same as the previous design.
· Please find technical drawings at the bottom of the assignment labelled, tech drawing 1,2,3,4,5.

The design can now handle square and round objects, and it runs on a track guide system which improves its accuracy. The drive system still uses a worm screw which gives it controlled closing speeds and pressures. The assembly no longer requires rivets and dowels. My new design utilised pokey yoke, for example, jaws orientation could potentially be upside down, but the main body will prevent assembly. Rotation of the Centre and jaws will not matter. The Endplate has an orientation requirement but not a rotational, the slot within the Endplate needs to align with the Centre and jaws, the Endplate is unable to seat in the home position unless ordinated correctly. 

[bookmark: _Toc43389995]Revised Design for efficiency   
	Design Efficiency (Component Appraisal Chart)

	N°
	Current Design/Part
	Description
	Rating

	1

	[image: ]
	Centre (Slider) 
	A

	3

	[image: ]
	Jaw
	A

	4
	[image: ]
	Main Body
	A

	5
	[image: ]
	Motor
	A

	6
	[image: ]
	End Plate
	A

	7
	[image: ]
	Worm Screw
	A



[bookmark: _Toc43389996]Design efficiency expressed as a percentage   6        
   6
X 100 = 100%

[image: ]

[bookmark: _Toc43389997]Handling Index
	Handling Index

	Description(part)
	Manual Handling Analysis

	
	A
	B
	C
	D
	Total

	Centre (Slider)
	1
	0.7
	0.1
	0
	1.8

	Jaw
	1
	0.7
	0.1
	0.2
	2

	Main Body
	1
	0
	0.1
	0
	1.1

	Motor
	1.5
	0
	0.1
	0
	1.6

	End Plate
	1.5
	0.7
	0.1
	0.2
	2.5

	Worm Screw
	1
	0.7
	0.1
	0
	1.8

	Total Score
	10.8



[bookmark: _Toc43389998]Fitting Index
	Fitting Index

	Description(part)
	Manual Handling Analysis

	
	A
	B
	C
	D
	E
	F
	Total

	Centre (Slider)
	1
	0.1
	1.2
	0
	0.7
	0
	3

	Jaw
	1
	0.1
	1.2
	0
	0.7
	0
	3

	Main Body
	1
	0
	0
	0
	0
	0
	1

	Motor
	1
	0.1
	0
	0
	0
	0
	0.1

	End Plate
	6
	0
	0
	0
	0
	0
	6

	Worm Screw
	6
	0.1
	0
	1.5
	0
	0.6
	8.2

	Total Score
	21.3



[bookmark: _Toc43389999] Material Selection
	Material Selection

	
	Design/Part
	Material
	Cost
	Wear
	Machinability
	Corrosion

	Center
	[image: ]
	Mild steel 1030 
	relatively cheap, 0.60p/Kg
	Low wear rate
	Easily machinable
	Corrosion/ consider plating

	Jaw
	[image: ]
	Brass or Plastic (Devlube)
	Readily available, 1.20p/kg
	Brass high wear rate/ Devlube low wear
	Brass/ ground stock easily machinable. Plastic 
	Corrosion-resistant

	Main body
	[image: ]
	Mild Steel 1030 
	relatively cheap, 0.60p/Kg
	Low wear rate
	Easily machinable
	Corrosion/ consider plating

	Cover plate
	[image: ]
	Mild steel 1030 
	relatively cheap, 0.60p/Kg
	Low wear rate
	Easily machinable
	Corrosion/ consider plating

	Worm screw
	[image: ]
	Ground stock 
	relatively cheap, 0.60p/Kg
	Low wear rate
	Easily machinable
	Corrosion/ consider plating




The material choice for all parts other than the jaws is mild steel 1030 with a machinability rating of 70%, which implies its easily machinable (Depot, 2020). It requires a paint or plating finish, but it's likely to be used indoors this should be altered to suit the application, all sliding parts will be non-finished with external parts motor/body/endplate will have a paint finish.
The Jaws have a significant application requirement of sliding and making contact with the main body/cover plate/centre slider. All appendix drawings have Geometric dimensional tolerances, and slide fits use H7 -G6 refereeing to this document (IT, 2020). The material selection of Plastic (Devlube) has a low coefficient of friction of 0.04-0.08 and has the benefit of being self-lubricating when in contact with steel (Engineering, 2020), it benefits from being corrosion resistant. Brass has poor wear properties which require more maintenance and is the reason it wasn't selected.	Comment by Richard Morgan (Engineering): Can you quantify this – perhaps a reference would be helpful here to. 

[bookmark: _Toc43390000]Manufacturing Selection
[bookmark: _Toc43390001]Machining 
The new design is based on sliding fits, and requires accuracy at manufacturing. If machined accurate the worm screw will control backlash and unpredictable pick and place movements, with this in mind the Centre, Main body, Endplate, Worm screw requires precision machining. Regrettably, this adds costs to the overall product, requiring a prestige market and high selling price for pick and place robot gripper. CNC turning and milling for these parts with a typical accuracy of 0.01mm (Technologies, 2020), which is more than adequate for my design. The sliding fits require clearance to move, but too much movement will result in unpredictable results and extra wear.   	Comment by Richard Morgan (Engineering): Good – This is what I’m talking about above when I recommend that you quantify the various factors. You could have just said high level of accuracy – which wouldn’t have been as good. 

Also, where are you getting 0.01mm from? Does this need a reference to explain where the data is coming from? 
	Comment by Richard Morgan (Engineering): Can you document the proposed manufacturing strategy in full – this could be documented in a flow chart for instance. 
[bookmark: _Toc43390002]Process Flow Chart

Start
Transfer 1030 CNC
Machine Parts
Machining Quality/ Inspection 
Transfer Devlube CNC
Machine Jaws
Transfer parts to stores
Assemble Parts 
Assembly Inspection 
Store Parts
Pack
End



[bookmark: _Toc43390003]Conclusion
In conclusion, the redesign looks robust, using a slide principle it will deliver on the original project goals of accuracy, repeatable and able to pick and place universal shape products. By delivering these goals, this product has increased its market by 50% adding the ability to pick and place multiple shapes. The kano diagram identified accuracy and repeatability as customer requirement. The top 3 customer requirements seen in the QFD process were universal gripping/rate of pick up/accuracy, all achieved with the redesign. The part appraisal saw a design efficiency increase of 57%, successfully making all parts essential (class A) and extremely efficient. The handling index reduced by 3.1, positives being making the orientation and rotational of the components more straightforward. The fitting index decreased by 24.6 a colossal achievement. The new design has visible and clear nesting points, removing all riveting and joins. I utilised Poke-yok and design for assembly, examples being the jaws are symmetrical, if oriented incorrectly foul on the body. The off-set slot at the bottom of the Cover Plate/Body stops rotational positioning problems, and the Centre is also symmetrical if rotated incorrectly will not fit within the body with its Jaws attached. 	Comment by Richard Morgan (Engineering): You have reverted to writing in the 1st person here. Rewrite in the 3rd person (no I, my etc.)
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[bookmark: _Toc43390005]Technical drawings 
[bookmark: _Toc43390006]Center	Comment by Richard Morgan (Engineering): Good use of technical drawings and some GD&T. Can you include any background/consideration of these tolerances in your written report?
[image: ]Technical Drawing 1. Centre Slider 

[bookmark: _Toc43390007]Jaw
[image: ]Technical Drawing 2. Jaw

[bookmark: _Toc43390008]Body	
[image: ]Technical Drawing 3. Main Body 

[bookmark: _Toc43390009]End Plate	
[image: ]Technical Drawing 4. End Plate  

[bookmark: _Toc43390010]Worm Screw
[image: ]Technical Drawing 5. End Plate  
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