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[bookmark: _Toc75540665]Executive Summary
In this report, a design study has been completed to develop an end effector (3-jaw gripper) that will be used on Cobot systems. The report contains concept design appraisal results, proposed manufacturing process, design improvements, risk assessments and manufacturing process design. Also included are conclusions and recommendations for future improvements.
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[bookmark: _Toc75540666]Introduction
The purpose of this project is to design an end effector (3-jaw gripper) that will be used on Cobot systems for a range of “pick-and-place" operations. The gripper must effectively grasp a range of cylindrical. Market research has estimated that between 1000 to 2000 components will need to be manufactured per week. A concept design has been created and further work is required to improve manufacturability. Key stakeholders in this project include customers, manufacturing and the project sponsors.

[bookmark: _Toc75540667]3 Jaw Gripper Concept Design
[image: ]
[bookmark: _Ref73867628][bookmark: _Toc74150241][bookmark: _Toc75540846]Figure 1 - 3 Jaw Gripper Concept Design
Figure 1 - 3 Jaw Gripper Concept Design is the prototype design that has been issued. The gripper is made up of 48 components Table 1 - 3 Jaw Gripper Parts List. The jaw grippers are controlled by a motor that rotates the worm via the shaft. The shaft moves the drive plate up and down the worm, opening and closing the jaws using the joins. To ensure the gripper jaws are stable, the ends are fixed to the cylinder. Material requirements have not been specified.







[bookmark: _Ref73868708][bookmark: _Toc75540912]Table 1 - 3 Jaw Gripper Parts List
	Part No
	Description
	Quantity
	Image

	1
	Electric Motor
	1
	[image: ][image: ]

	2
	Cylinder
	1
	[image: ][image: ]

	3
	Drive plate
	1
	[image: ][image: ]

	4
	Joint
	3
	[image: ][image: ]

	5
	Jaw Gripper
	3
	[image: ][image: ]

	6
	Drive shaft
	1
	[image: ]

	7
	Worm 
	1
	[image: ]

	8
	Bushes/Spacers
	18
	 

	9
	Bearings
	6
	

	10
	Screw/pins
	13
	 

	Total Number of Parts
	48


[bookmark: _Toc75540668]Concept Design Appraisal
The concept design appraisal was carried out using design appraisal tools to identify any potential failures and to verify the viability of the design and to adjust the design based on the results. To complete the appraisal, the following was taken into account.  
· Customer requirements  
· Functional requirements 
· Potential design faults 
· Design for ease of manufacture and assembly 
· Safety issues 
· Manufacturing and material cost

[bookmark: _Toc75540669]Quality Function Deployment
The first step was to complete Quality Function Deployment (QFD) chart using the House of Quality tool to help evaluate the customer and design requirements. QFD was initiated by Yoji Akao in 1966 and defines the method as a way to transform customer, quality and design requirements into a finished product or service. All aspects are analysed by their correlation and relationships. (Condrea, et al., 2012)
Firstly, customer requirements were assessed and rated by Importance, the same for functional requirements with 1 being the least importance and 10 being the highest. The Functional requirements were listed on interconnecting axes to the customer requirements. The relationship between each customer and functional requirement was analysed and marked to identify any impact. Then the correlation matrix ‘roof’ section was analysed for the correlation between the functional requirements. The overall results identify areas of focus and improvement, see Figure 2 - House of Quality 3 Jaw Gripper on page 8.










[bookmark: _Ref74585148][bookmark: _Toc75540847]Figure 2 - House of Quality 3 Jaw Gripper
[image: ]


[bookmark: _Toc75540670]Design for Manufacture and Assembly
Design for manufacture (DFM) and design for assembly (DFA) were developed to improve product design. It helps reduce cost of production, amount of components and to ensure it’s easy to manufacture and assemble (Holt & Barnes, 2010). The main characteristics of DFA are listed below:
· Reduce the number of components by combining or elimintaing
· Improve the ease of assembly
· Improve the flexibility of components
· Increasing the number of symmetric components
· Improve the maneuverability of components 
· Try to introduce integral self-locking rather than additional fixtures.
· Modular design 
(Păcurar, 2019)
[bookmark: _Toc75540848]Figure 3 - Design for Assembly Decision Tree
[image: ]
[bookmark: _Toc75540913]Table 2 - Design for Assembly Scoring for Concept 3 Jaw Gripper
	Description
	Quantity
	Essential (A) 
	Non Essential (B)

	Electric Motor
	1
	1
	 

	Drive shaft
	1
	1
	 

	Screws (fix motor to cylinder)
	4
	 
	4

	Cylinder
	1
	1
	 

	Drive plate
	1
	1
	 

	Jaw Gripper
	3
	3
	 

	Worm
	1
	1
	 

	Joint
	3
	 
	3

	Bushes/spacers
	18
	 
	18

	Bearings (jaw gripper)
	6
	 
	6

	Screw/pins (fixing Jaw grippers)
	9
	 
	9

	Total Components
	48
	8
	40

	Design for Manufacture Score
	17%


[bookmark: _Toc75540671]DFMEA – Design, Failure, Modes and Effects Analysis
The third step was to conduct a DFMEA. DFMEA is used to identify potential risks to a new or changed design, it identifies failure modes and the effects it can have on the product and customer with corresponding severity ranking. The causes to the failures are identified and scored by their occurrence and likelihood. High scoring modes drives actions to prevent and reduce the failure. It also tracks improvements through risk priority number (RPN) which compares the before and after improvements (QualityOne, 2021). DFMEA column definitions can be found in Table 3. The completed DFMEA for the 3 jaw gripper can be found in Appendix 1.
[bookmark: _Ref75534218][bookmark: _Toc75540914]Table 3 - DFMEA Chart Definitions
	Item Function
	What is the component, function, or feature?  

	Potential Failure Mode
	In what ways could the components potentially fail to meet the design intent? 

	Potential Effect on Customer Because of Defect
	How will the failure mode effect the customer? 

	SEV
	How Severe is effect to the customer? 

	Potential Causes
	What is the failure and/or failure mechanism for each failure mode? 

	OCC
	How frequent is cause likely to Occur? 

	Current Process Controls
	Are there any current controls in place to prevent the failure mode?  

	DET
	How probable is detection of cause? 

	RPN
	 Risk Priority Number 

	Actions Recommended
	What can be put in place to reduce the occurrence of the cause or improve detection. 

	Actions Taken
	Actions implemented to improve score.  

	SEV
	Updated severity 

	OCC
	Updated occurrence 

	DET
	Updated detection 

	Future RPN
	Updated RPN 


(Juran, 2018)






[bookmark: _Toc75540672]Appraisal Results
The appraisal procedure brought to light elements that must be taken into account when developing the proposed manufacturing process and concept design improvements. Table 4 below summarises the highest scoring requirements taken from the QFD chart and DFMEA.

[bookmark: _Ref75534147][bookmark: _Toc75540915]Table 4 - Concept Appraisal Results Summary
	QFD Customer Requirements
	Score

	Safe in Use
	10%

	Safe Maintenance
	10%

	Does not damage components
	9%

	Accuracy picking up components
	9%

	Cost
	8%

	QFD Functional Requirements
	Score

	Durability
	10%

	Weight
	9%

	Manufacturability
	9%

	Accuracy
	9%

	DFMEA Potential Failure Modes 
	RPN Score

	Sharp Edges (Health & Safety)
	90

	Does not fit/align to other components correctly
	60

	Sticks/Jams with other components
	60

	Breaks, cracks or snaps
	36



[bookmark: _Toc75540673]Design Specification
The following design specification Table 5 on page 13 considers all the constraints, requirements and considerations taken from the appraisal process. These specifications along with the elements highlighted in the QFD and DFMEA will be used as a guide when completing the manufacturing process proposal and design development stages.







[bookmark: _Ref75534125][bookmark: _Ref75540054][bookmark: _Toc75540916]Table 5 - 3 Jaw Gripper Design Specification
	Aspect
	Specification

	Cost
	· Material cost must be considered
· Manufacturing cost must be considered 

	Size and Weight
	· Minimise gripper weight
· Must fit standard Cobot’s
· Must not exceed Cobot weight limits

	Assembly / Set-up
	· Shall be easy to assemble and disassemble
· Shall be constructed with minimum amount of assembly parts where possible.
· Must be easy and quick to set up and remove from Cobot arm

	Maintainability
	· Parts must be easily replaceable.
· Use standardised parts were possible (fixings, screws etc.)
· Must be easy to clean.

	Functionality
	· Gripper arms must open and close freely
· Drive plate must move up and down the worm freely 

	Aesthetics
	· Should look well-constructed 
· Should look appealing and fit in looks with the Cobot arm

	Safety
	· Must have no sharp edges or points 
· Must be made from non-toxic materials 

	Quality
	· Must be constructed considering ISO 10218-1 and ISO 10218-2 robot guidelines.
· Must not cause any damage to the product when grasping product or break causing product damage.
· Must be hard wearing and durable.
· Must grasp parts securely

	Environmental
	· Should use the minimum amount of materials possible 
· Reduced waste
· Use recyclable materials where possible









[bookmark: _Toc75540674]Manufacturing Process Proposal
[bookmark: _Toc75540675]Cylinder & Drive Plate
The cylinder and drive plate will be made out of Aluminium, selected due to strength and weight highlighted in the QFD correlation matrix. Aluminium is also corrosive resistant, non-magnetic, non-toxic and 100% recyclable. (AZO Materials, 2021)
Die casting and turning were two production technologies that were investigated. Parts can be mass produced efficiently with good accuracy and finish using the die casting method. The disadvantage of this method is that it will leave split lines, flash, and ejector pin marks, which will require a second polishing stage. Die cast equipment and dies are costly, and because of their high capital cost and footprint, they are often utilised to produce batches of up to 100,000 components. (School, n.d.). Another disadvantage is that any design revisions will require the purchase of a new die.
Due to the components being a cylindrical shape and require accuracy the decision was to mill and turn both parts on a multi-centre mill-turn CNC machine. The machine will incorporate a bar feeder to allow the CNC to machine multiple parts one after the other. Although CNC machines can be costly the parts produced will be dimensionally accurate and consistent. The process has minimal operator involvement which reduces potential errors and scrap. The CNC is programmable and any revision changes can be updated with ease.  These machine also give the possibility once risk assessed to be set up to and run overnight to reduce process time and cost. 
Once the machining process has been completed parts will be anodised and cleaned to increase surface durability, abrasion resistance, colour finish and remove machining oils.
[bookmark: _Toc75540676]Jaw Gripper
The jaw gripper will be made from Acrylonitrile Butadiene Styrene (ABS) plastic due to it having high polymer elasticity which improves rigidity. It has good abrasion and strain resistance and high dimensional stability over time (Omnexus, 2021). ABS is also non-toxic and recyclable. Using plastic will also reduce any potential damage when gripping components.
The gripper jaws will be injection moulded. The injection moulding process produces complex parts with excellent accuracy and surface finish. Jaws will be moulded in batches of 3 to 6 this is to reduce cost, process time and sprue marks. The jaws will be connected to a network of runners that will only show a small gate mark. Each jaw will also have a visible split line and possible ejector pin marks where the mould separates but will have no impact on the performance of the jaw (School, n.d.).
[bookmark: _Toc75540677]Worm
The worm will be manufactured out of tool steel due to it hardness, wear resistance, toughness, and resistance to softening. These properties will reduce the risk of the parts distorting or cracking (AZO Materials, 2021), as these were highlight as high scoring potential failures in the DFMEA.  
The worm will be manufactured on a sliding head lathe, this manufacturing process will allow the work component to move in the z-axis while the tool remains stationary, this improves accuracy and reduces process time. Bar stock will be fed through the machine to allow the machine to produce multiple parts one after the other. Due to the system's secondary spindle and back working tool, these lathes will complete the machining process in a single operation. The worm can be manufactured without requiring an operator to remove and reposition the worm between processes. These devices can also be left unattended and run overnight to decrease process time and expense.
Once machined no further processing will be required.
[bookmark: _Toc75540678]Joint
No longer required see, design and development section.
[bookmark: _Toc75540679]Off the Shelf Products
Because of the motor's complexity and importance, this will be an off-the-shelf product, along with the shaft component, which is fixed as standard. To reduce unit cost, interchangeability, and make maintenance easier, all screws, pins, and bearings will be standard fittings see Figure 4.
[image: ] [image: ][image: Select Size Ø4mm Ø6mm Ø8mm Ø10mm Ø12mm Steel Threaded Dowel Pin Rod]
[bookmark: _Ref75534349][bookmark: _Toc75540849]Figure 4 - Example of Standardised Parts 










[bookmark: _Toc75540680]Design and Development
[bookmark: _Toc75540681]Attitudes and Perceptions to Engineering
A survey completed by the Royal Academy of Engineering found that people who relate to the term ‘engineer’ “showed the profession to be more closely associated with fixing things rather than creativity” (Marshall, et al., 2007). Design engineers follow an engineering system, taking into consideration design requirements, following the design process to introduce new designs and fix design problems. “Engineering design is a decision making process that needs a good perception of the design problem to be solved” (Ommi, et al., 2017). In this instance, the jaw gripper concept design has been developed into a more refined engineering design. Material selection, aesthetic and safety considerations and design functionality have all been evaluated using engineering problem-solving design tools. When creating new products, design engineers must also consider manufacturing costs, environmental effects, and the products life cycle.

[bookmark: _Toc75540682]Design Improvements
After completing the concept design appraisal and assessing the ability of the concept design to meet specification requirements and design considerations. The requirements with higher importance and higher scoring were therefore modified and improved to produce a final design. Drawings can be found in Appendix 2.














[bookmark: _Toc75540683][image: ]Cylinder
The three elevated mountings Figure 5 where the gripper jaw is mounted would be difficult to fabricate because the cylinder is rotated on a CNC lathe. During the DFMEA study, it was also discovered that the sharp edges could cause a harm to the user when the Cobot arm is in use, as well as during assembly and maintenance. 
[image: ] The mountings will be lowered into the cylinder to optimise the machining process and reduce the number of machining operations. By adding a chamfer to the upper edges of the cylinder Figure 6 and fillets to the insides of mount slots, all sharp edges on the cylinder have been removed. [bookmark: _Ref75102006][bookmark: _Ref75101992][bookmark: _Toc75540850]Figure 5 - Concept Cylinder Mounts

 ‘Sticks/Jams with other components' was another probable failure mode mentioned. A clearance allowance of 1mm either side for two 1mm spacers to fit either side and ± 0.02 tolerance added to ensure that the gripper arm fits into the slots and does not stick or jam. Not only will the spacers prevent the gripper jaw from moving side to side, but they will also reduce wear. Holes will be drilled on either side of the three mounts for the gripper arm attachments, which will be machined with a close-running fit ‘H8' to ensure correct positioning. The bottom of the cylinder will also be drilled with five holes: four exterior holes to fasten the motor to the cylinder and one central hole for the drive shaft. For the motor to fit, the bottom of the cylinder will be recessed.[bookmark: _Ref75535785][bookmark: _Toc75540851]Figure 6 - New Cylinder Chamfered Edges

[image: ][bookmark: _Toc75540852]Figure 7 - Cylinder Drawings (all drawings can be found in Appendix 2)

[image: ]





[bookmark: _Ref75540482][bookmark: _Toc75540853]Figure 8 - New Design Cylinder

[bookmark: _Toc75540684][image: ]Drive Plate[bookmark: _Ref75535994][bookmark: _Toc75540854]Figure 9 - Concept Drive Plate Mounts

The drive plate will also be produced on a CNC lathe, and the three mounts on the top plate will be challenging to machine. Sharp edges on the mounts in Figure 9 have the potential to cause injury to the user. The mounts have been relocated down to rest inside the drive plate, similar to the cylinder design.
[image: ] By adding a chamfer to the upper edges of the drive plate and fillets to the insides of mount slots Figure 11, all sharp edges on the plate have been removed. A 1mm allowance will be utilised on either side of the mount for spacers to be installed to stop movement and reduce wear, and a ± 0.02 tolerance will be included to ensure that the gripper arm fits into the slots without sticking or jamming. Holes will be drilled on either side of the three mounts for the gripper arm's fixings, which will be machined with a close-running fit "H8" to ensure proper alignment. For the worm, a threaded hole will be bored in the centre of the driving plate.
[image: ][bookmark: _Toc75540855]Figure 10 - New Design Drive Plate






[bookmark: _Ref75536659][bookmark: _Toc75540856]Figure 11 - New Drive Plate Chamfered Edges


[image: ]
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[bookmark: _Toc75540857]Figure 12 - Drive Plate Drawings (Side View)

[bookmark: _Toc75540858]Figure 13 - Drive Plate Drawings (Top View)


[bookmark: _Toc75540685][image: ]Jaw Gripper[bookmark: _Ref75536899][bookmark: _Toc75540859]Figure 14 - Concept Gripper Jaw

[image: ]Some design changes were necessary due to the gripper arm being injection moulded. Chamfers were applied to all edges of the part to allow it to be extracted from the mould without sticking. This not only aids the manufacturing process, but it also removes all sharp edges from the concept design Figure 14 that scored high on the DFMEA and were outside of the design specifications. Chamfers can help improve system dependability by lowering the chances of the jaw gripper crashing.
[image: ] Components "must not cause any damage to the product when gripping it or break causing product damage," according to the design specification, and "must grasp parts securely." These requirements are essential for assuring dependability and preventing parts from being dropped or misaligned while the Cobot is in motion. It's also crucial to avoid damaging parts when grasping them, especially lighter parts, as this might result in scrap and potential issues when the part is inserted into a fixture, for example. The gripper end was added with small tread lines to the design to soften contact pressure and to improve the grippers grasp Figure 14. [bookmark: _Toc75540860]Figure 15 - New Design Gripper Jaw

Jaw gripper length will also have an impact on the grasp. When holding a part, the longer the jaw gripper fingers are, the more they deflect. The jaw gripper ends are no longer perfectly aligned with the component when the fingers deflect, resulting in poor grasp quality (Prešeren, et al., 2005).[bookmark: _Toc75540861]Figure 16 - New Gripper Jaw Side View (Split Lines)

[image: ]The joint at the end of the gripper has two holes which are for fixing into the cylinder and drive plate, a ball bearing will be fitted inside these holes to reduce movement and wear. The placement of the holes has to be accurate to avoid the gripper arm misalignment. To reduce weight, the centre of the gripper jaw has been cut out. [bookmark: _Toc75540862]Figure 17 - Gripper Arm Drawing





[bookmark: _Toc75540686]Worm
There are no big design changes to the worm Figure 18. The DFMEA identified this as a crucial part that permits the gripper arms to move freely while also securely connecting to the shaft. The edges of the worm head have been chamfered to remove any sharp edges. A threaded hole will be bored through the worm head and a grub screw will be used to lock the two components together to ensure the worm fits the motor shaft firmly.
As a failsafe, an end cap has been fitted to prevent the drive plate from over threading the worm, which could result in catastrophic failure. The gripper jaws will be injection moulded in the same mould as the grippers.[image: ]
[bookmark: _Ref75542040][bookmark: _Toc75540863]Figure 18 - New Design Worm
[image: ]
[bookmark: _Toc75540864]Figure 19 - Worm Drawing
[bookmark: _Toc75540687]Lubricant
To reduce the possibility of contamination FDA lubricant FDA-H1 (food safe) will be used to lubricate the worm (FOOD AND DRUG ADMINISTRATION, 2020).
[bookmark: _Toc75540688]Joints
The redesign of the mounts on the cylinder and drive plate has removed the requirement of the joints.
[bookmark: _Toc75540689]Revised DFA and DFMEA
The DFA has been re-evaluated Table 6 in light of the new proposed design and has improved by 9%.
[bookmark: _Ref75540259][bookmark: _Toc75540917]Table 6 - New Design DFA
	Description
	Quantity
	Essential (A) 
	Non Essential (B)

	Electric Motor
	1
	1
	 

	Drive shaft
	1
	1
	 

	Screws (fix motor to cylinder)
	4
	 
	4

	Cylinder
	1
	1
	 

	Drive plate
	1
	1
	 

	Jaw Gripper
	3
	3
	 

	End Cap
	1
	1
	 

	Worm
	1
	1
	 

	Bushes/spacers
	12
	 
	12

	Bearings (jaw gripper)
	6
	 
	6

	Screw/pins (fixing Jaw grippers)
	6
	 
	6

	Screw for worm/shaft fixing
	1
	1
	 

	Total Components
	38
	10
	28

	Design for Manufacture Score
	26 %



The DFMEA in Appendix 1 lists the changes made to each failure mode, as well as the measures taken, which are listed in the ‘Actions Taken' column. All of the changes have resulted in lower RPN scores.
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Manufacturing Process Design
The manufacturing process design concept is to run a 24/5 shift pattern with roughly 7-8 operators to handle the demand of 1000-2000 items per week. At least one employee will be required to be trained in the CNC machining process. Every two weeks, all materials, standardised components, and consumable supplies will be delivered to material stores. Finished parts, will be provided to the customer weekly. A basic Value Stream Map (VSM) Figure 8 - New Design Cylinder of the proposed process plan can be found on page 34.
[image: ]
[bookmark: _Ref75540524][bookmark: _Toc75540865]Figure 20 - VSM 3 Jaw Gripper Production
[image: ]

[bookmark: _Toc75540691]Conclusion
The goal of this project was to create a 3-jaw gripper end effector for use on Cobot systems for a variety of "pick-and-place" activities. This approach revealed critical requirements to address when moving into the update design and manufacturing review stages, and it was carried out utilising design appraisal tools. During these stages, all high-scoring criteria were taken into account. These findings led to the development of a proposed production technique and an improved design. The new design is a multi-functional three-jaw gripper that fits customer and manufacturing needs and can be used on standard Cobot systems without sacrificing performance. Additional design adjustments could be made to reduce assembly time, manufacturing costs, and process time.
[bookmark: _Toc75540692]Recommendations
· Replace the electric motor with a pneumatic motor to eliminate the cylinder and possibly the worm component, which requires lubrication on a regular basis, and therefore minimise maintainability. Gripper jaws might then use a click-in-place feature to eliminate the need for fixings and bearing etc. 
· Machining from cast to reduce machine time.
· Recycling water used during the machining and wash process.
· Designing different gripper types that are interchanging and more specific to the ‘pick and place’ object.
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[bookmark: _Toc75540695]Appendix 1 – 3 Jaw Gripper DFMEA
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[bookmark: _Toc75540696]Appendix 2 – 3 Jaw Gripper Drawings
[bookmark: _Toc75540697]Worm
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[bookmark: _Toc75540698]Drive Plate 
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[bookmark: _Toc75540699]Cylinder Bottom & Top View
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[bookmark: _Toc75540700]Cylinder Side View
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||||

9% 9 9 10
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|||||

10% 10 9 11
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|||||

10% 10 9 12

13

|||

6% 6 9 13

14

||

5% 5 9 14

   Row #

9 9
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   Maximum Relationship

Project:

Revision:

Date: 

Jun-21

1

3 Jaw Gripper

Correlations

Positive

+

Negative

−

No Correlation



Direction of Improvement

Relationships

Strong

●

Moderate

○

Weak

▽

Maximize

Target

Minimize

9

4 5 6 7 8 9

Asthetics

Recyclable

●

   Customer Importance

   Relative Weight

   Row #

   Weight Chart



Direction of Improvement   

Column #   

9

◇ ▲

● ○ ● ○

▽

▲
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○ ○ ○

||| |||
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Max Relationship    9 9

Weight Chart   

Relative Weight   

▲

◇

▼
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▽

○

▽
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▽

●

○ ○ ○ ○ ● ●

○ ● ●

▽
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● ● ○ ●

▽
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▽
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▽

● ○

Safe in use

● ●

●

●

▽

●

▽ ▽

●

▽

○

○

○

●

●

○

▽ ▽

○ ●

●

○

▽

Safe maintenance

Cost

Easy to maintain

Use of storage space

Compatability (robot manufactures)

Lifespan

Able to operate in different environments

Accuracy

Durability

Cost

Maintainability

Material

Size

Number of assembly parts

Weight

Shape

○

○

○

○

Adjustable/Adaptable for different part sizes

Quick setup

Accuracy picking and placing objects

Does not damage objects

Ease of configuration

Quick Assembly (production)

Manufacturablity
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Item Function Potential Failure Mode

Potential Effect on 

Customer Because of 

Defect

S

E

V

Potential Causes

O

C

C

Current Process Controls

D

E

T

R

P

N

Actions Recommended Actions Taken

S

E

V

O

C

C

D

E

T

Future 

RPN

Product damage, scrap 3 2 3 18 2 1 2 4

Damage to robot arm 3 2 3 18 2 1 2 4

Production 

stop/Downtime

3 2 3 18 2 1 2 4

Injury to user 6 2 3 36 4 1 2 8

Production 

stop/Downtime

3 4 3 36 2 2 2 8

Product damage, scrap 3 3 2 18 2 1 2 4

Damage to robot arm 3 4 3 36 2 2 2 8

Component durability 5 4 3 60 2 2 2 8

Injury to user 6 5 3 90 2 2 2 8

Damage to product 6 5 3 90 2 2 2 8

1) Aluminium material 

selected, will be anodised 

to give extra strength.



2) Parts will be turned on a 

CNC lathe, this will reduce 

inaccuracies and human 

errors. Will also give a 

good finish.



3) Accurate drawings 

produced. With tolerances 

and allowances.

1) Accurate drawings

2) Clearance / Allowance 

in measurements

3) Assembly Instructions

4) Inspection

1) Parts will be turned on a 

CNC lathe, this will reduce 

inaccuracies and human 

errors. Will also give a 

good finish.



2) Accurate drawings 

produced. With tolerances 

and allowances.

Cylinder

Crack / Breaks

1) Incorrect material 

selected

2) Poor manufacturing

3) Contamination

4) Temperature fluctuation

5) Incorrect assembly

6) Not made to drawing 

specification

7) Drawing error

8) Other components out 

of specification

9) Poor finish e.g. burrs

Product testing

Design appraisal

1) Material selection

2) Accurate Drawings

3) Manufacturing process

4) Assembly Instructions



Cylinder

Does not fit/align to other 

components correctly

1) Incorrect material 

selected

2) Poor manufacturing

3) Contamination

4) Temperature fluctuation

5) Incorrect assembly

6) Not made to drawing 

specification

7) Drawing error

8) Other components out 

of specification

9) Poor finish

10) No clearance / 

tolerance set

Product testing

Design Appraisal

Cylinder

Sharp Edges

1) Poor Design

2) Manufacturing Process

Product testing

Design Appraisal

1) Manufacturing process

2) Re-design to remove 

any sharp edges

1) Parts will be turned on a 

CNC lathe, this will reduce 

inaccuracies and human 

errors. Will also give a 

good finish.



2) Design changed to 

remove pretruding 

mounts.



3) Chamfer and fillets 

added to remove sharp 

edges.
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Item Function Potential Failure Mode

Potential Effect on 

Customer Because of 

Defect

S

E

V

Potential Causes

O

C

C

Current Process Controls

D

E

T

R

P

N

Actions Recommended Actions Taken

S

E

V

O

C

C

D

E

T

Future 

RPN

Production 

stop/Downtime

4 4 3 48 2 2 2 8

Product damage, scrap 3 3 2 18 1 1 1 1

Damage to robot arm 5 4 3 60 2 2 1 4

Component durability 5 4 3 60 2 2 1 4

Damage to other 

components

5 4 3 60 2 2 1 4

Component durability 2 2

Product testing

Design Appraisal

2 8 1 1 1 1

Damage to gripper 

components

2 2

Product testing

Design Appraisal

2 8 1 1 1 1

Production 

stop/Downtime

2 2

Product testing

Design Appraisal

2 8 1 1 1 1

Product damage, scrap 4 2 3 24 2 1 2 4

Damage to robot arm 4 2 3 24 2 1 2 4

Production 

stop/Downtime

3 2 3 18 2 1 2 4

Injury to user 6 2 3 36 4 1 2 8

1) Aluminium material 

selected, will be anodised 

to give extra strength.



2) Parts will be turned on a 

CNC lathe, this will reduce 

inaccuracies and human 

errors. Will also give a 

good finish.



3) Accurate drawings 

produced. With tolerances 

and allowances.

1) Parts will be turned on a 

CNC lathe, this will reduce 

inaccuracies and human 

errors. Will also give a 

good finish.



2) Accurate drawings 

produced. With tolerances 

and allowances.

Crack / Breaks

1) Incorrect material 

selected

2) Poor manufacturing

3) Contamination

4) Temperature fluctuation

5) Incorrect assembly

6) Not made to drawing 

specification

7) Drawing error

8) Other components out 

of specification

9) Poor finish e.g. burrs

Product testing

Design appraisal

1) Material selection

2) Accurate Drawings

3) Manufacturing process

4) Assembly Instructions



Cylinder

Sticks/Jams with other 

components

1) Incorrect material 

selected for weight

2) Poor manufacturing

3) Contamination

4) Temperature fluctuation

5) Incorrect assembly

6) Not made to drawing 

specification

7) Drawing error

8) Other components out 

of specification

9) Poor finish

10) No clearance / 

tolerance set

Product testing

Design Appraisal

1) Accurate drawings

2) Clearance / Allowance 

in measurements

3) Assembly Instructions

4) Inspection

5) Material Selection

Cylinder

Wear inside pin/screw 

holes

1) Incorrect material 

selected 

2) Poor manufacturing

3) Temperature fluctuation

4) Incorrect assembly

5) Not made to drawing 

specification 

6) Drawing error

7) Other components out 

of specification

8) Poor finish e.g. burrs

1) Accurate drawings

2) Clearance / Allowance 

in measurements

3) Assembly Instructions

4) Inspection

5) Material Selection

1) Parts will be turned on a 

CNC lathe, this will reduce 

inaccuracies and human 

errors. Will also give a 

good finish.



2) Accurate drawings 

produced. With tolerances 

and allowances.



3) Bearings, spacers.

Drive Plate
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Item Function Potential Failure Mode

Potential Effect on 

Customer Because of 

Defect

S

E

V

Potential Causes

O

C

C

Current Process Controls

D

E

T

R

P

N

Actions Recommended Actions Taken

S

E

V

O

C

C

D

E

T

Future 

RPN

Production 

stop/Downtime

3 4 3 36 2 2 2 8

Product damage, scrap 3 3 2 18 2 1 2 4

Damage to robot arm 3 4 3 36 2 2 2 8

Component durability 5 4 3 60 2 2 2 8

Injury to user 6 5 3 90 2 2 2 8

Damage to product 6 5 3 90 2 2 2 8

Production 

stop/Downtime

4 4 3 48 2 2 2 8

Product damage, scrap 3 3 2 18 1 1 1 1

Damage to robot arm 5 4 3 60 2 2 1 4

Component durability 5 4 3 60 2 2 1 4

Damage to other 

components

5 4 3 60 2 2 1 4

Drive Plate

Product testing

Design Appraisal

1) Accurate drawings

2) Clearance / Allowance 

in measurements

3) Assembly Instructions

4) Inspection

5) Material Selection

1) Parts will be turned on a 

CNC lathe, this will reduce 

inaccuracies and human 

errors. Will also give a 

good finish.



2) Accurate drawings 

produced. With tolerances 

and allowances.

Sticks/Jams with other 

components

1) Incorrect material 

selected for weight

2) Poor manufacturing

3) Contamination

4) Temperature fluctuation

5) Incorrect assembly

6) Not made to drawing 

specification

7) Drawing error

8) Other components out 

of specification

9) Poor finish

10) No clearance / 

tolerance set

1) Parts will be turned on a 

CNC lathe, this will reduce 

inaccuracies and human 

errors. Will also give a 

good finish.



2) Accurate drawings 

produced. With tolerances 

and allowances.

Drive Plate

Sharp Edges

1) Poor Design

2) Manufacturing Process

Product testing

Design Appraisal

1) Manufacturing process

2) Re-design to remove 

any sharp edges

1) Parts will be turned on a 

CNC lathe, this will reduce 

inaccuracies and human 

errors. Will also give a 

good finish.



2) Design changed to 

remove pretruding 

mounts.



3) Chamfer and fillets 

added to remove sharp 

edges.

Drive Plate

Does not fit/align to other 

components correctly

1) Incorrect material 

selected

2) Poor manufacturing

3) Contamination

4) Temperature fluctuation

5) Incorrect assembly

6) Not made to drawing 

specification

7) Drawing error

8) Other components out 

of specification

9) Poor finish

10) No clearance / 

tolerance set

Product testing

Design Appraisal

1) Accurate drawings

2) Clearance / Allowance 

in measurements

3) Assembly Instructions

4) Inspection
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Item Function Potential Failure Mode

Potential Effect on 

Customer Because of 

Defect

S

E

V

Potential Causes

O

C

C

Current Process Controls

D

E

T

R

P

N

Actions Recommended Actions Taken

S

E

V

O

C

C

D

E

T

Future 

RPN

Component durability 2 2

Product testing

Design Appraisal

2 8 1 1 1 1

Damage to gripper 

components

2 2

Product testing

Design Appraisal

2 8 1 1 1 1

Production 

stop/Downtime

2 2

Product testing

Design Appraisal

2 8 1 1 1 1

Product damage, scrap 4 3

Product testing

Design Appraisal

2 24 2 1 2 4

Damage to robot arm 2 3

Product testing

Design Appraisal

2 12 1 1 2 2

Production 

stop/Downtime

3 3

Product testing

Design Appraisal

2 18 2 1 2 4

Injury to user 6 3

Product testing

Design Appraisal

2 36 1 1 2 2

Production 

stop/Downtime

3 2

Product testing

Design Appraisal

2 12 1 1 2 2

Product damage, scrap 3 3

Product testing

Design Appraisal

2 18 1 2 2 4

Damage to robot arm 2 2

Product testing

Design Appraisal

2 8 1 1 2 2

Component durability 2 2

Product testing

Design Appraisal

2 8 1 1 2 2

Wear inside pin/screw 

holes

1) ABS material selected,



2) Parts will be injection 

moulded, this will reduce 

inaccuracies and human 

errors. Will also give a 

good finish.



3) Accurate drawings 

produced. With tolerances 

and allowances.

1) Parts will be injection 

moulded, this will reduce 

inaccuracies and human 

errors. Will also give a 

good finish.



2) Accurate drawings 

produced. With tolerances 

and allowances.

Drive Plate

Breaks / Snaps

1) Incorrect material 

selected

2) Poor manufacturing

3) Contamination

4) Temperature fluctuation

5) Incorrect assembly

6) Not made to drawing 

specification

7) Drawing error

8) Other components out 

of specification

9) Poor finish

Does not fit/align to other 

components correctly

1) Material selection

2) Accurate Drawings

3) Manufacturing process

4) Assembly Instructions



1) Accurate drawings

2) Clearance / Allowance 

in measurements

3) Assembly Instructions

4) Inspection

Jaw Gripper

Jaw Gripper

1) Incorrect material 

selected 

2) Poor manufacturing

3) Temperature fluctuation

4) Incorrect assembly

5) Not made to drawing 

specification 

6) Drawing error

7) Other components out 

of specification

8) Poor finish e.g. burrs

1) Accurate drawings

2) Clearance / Allowance 

in measurements

3) Assembly Instructions

4) Inspection

5) Material Selection

1) Parts will be turned on a 

CNC lathe, this will reduce 

inaccuracies and human 

errors. Will also give a 

good finish.



2) Accurate drawings 

produced. With tolerances 

and allowances.



3) Bearings, spacers.

1) Incorrect material 

selected for weight

2) Poor manufacturing

3) Contamination

4) Temperature fluctuation

5) Incorrect assembly

6) Not made to drawing 

specification

7) Drawing error

8) Other components out 

of specification

9) Poor finish e.g. burrs
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Item Function Potential Failure Mode

Potential Effect on 

Customer Because of 

Defect

S

E

V

Potential Causes

O

C

C

Current Process Controls

D

E

T

R

P

N

Actions Recommended Actions Taken

S

E

V

O

C

C

D

E

T

Future 

RPN

Production 

stop/Downtime

2 3

Product testing

Design Appraisal

3 18 1 2 2 4

Product damage, scrap 3 3

Product testing

Design Appraisal

3 27 2 2 2 8

Damage to robot arm 2 3

Product testing

Design Appraisal

3 18 1 2 2 4

Component durability 2 3

Product testing

Design Appraisal

3 18 1 2 2 4

Damage to other 

components

2 3

Product testing

Design Appraisal

3 18 1 2 2 4

Component durability 2 3

Product testing

Design Appraisal

2 12 1 2 1 2

Damage to other 

components

2 3

Product testing

Design Appraisal

2 12 1 2 1 2

Production 

stop/Downtime

2 3

Product testing

Design Appraisal

2 12 1 2 1 2

Injury to user 6

1) Poor Design

2) Manufacturing Process

3) Poor finish e.g. burrs

5

Product testing

Design Appraisal

3 90 3 2 2 12

Damage to product 6

1) Poor Design

2) Manufacturing Process

3) Poor finish e.g. burrs

5

Product testing

Design Appraisal

3 90 3 2 2 12

Jaw Gripper

Jaw Gripper

Wear inside pin/screw 

holes

1) Incorrect material 

selected 

2) Poor manufacturing

3) Temperature fluctuation

4) Incorrect assembly

5) Not made to drawing 

specification

6) Drawing error

7) Other components out 

of specification

8) Poor finish e.g. burrs

1) Accurate drawings

2) Clearance / Allowance 

in measurements

3) Assembly Instructions

4) Inspection

5) Material Selection

1) Parts will be injection 

moulded, this will reduce 

inaccuracies and human 

errors. Will also give a 

good finish.



2) Accurate drawings 

produced. With tolerances 

and allowances.

Sharp Edges

Sticks/Jams with other 

components e.g. Drive 

Plate

1) Incorrect material 

selected 

2) Poor manufacturing

3) Contamination

4) Temperature fluctuation

5) Incorrect assembly

6) Not made to drawing 

specification

7) Drawing error

8) Other components out 

of specification

9) Poor finish e.g. burrs

1) Accurate drawings

2) Clearance / Allowance 

in measurements

3) Assembly Instructions

4) Inspection

5) Material Selection

Jaw Gripper

1) Manufacturing process

2) Re-design to remove 

any sharp edges

1) Parts will be injection 

moulded, this will reduce 

inaccuracies and human 

errors. Will also give a 

good finish.



2) Accurate drawings 

produced. With tolerances 

and allowances.



3) Bearings, spacers.

1) Parts will be injection 

moulded, this will reduce 

inaccuracies and human 

errors. Will also give a 

good finish.



2) Design changed to 

remove sharp end with flat 

end.



3) Chamfer and fillets 

added to remove sharp 

edges.
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Item Function Potential Failure Mode

Potential Effect on 

Customer Because of 

Defect

S

E

V

Potential Causes

O

C

C

Current Process Controls

D

E

T

R

P

N

Actions Recommended Actions Taken

S

E

V

O

C

C

D

E

T

Future 

RPN

Product damage, scrap 3 2 3 18 2 1 2 4

Damage to robot arm 3 2 3 18 2 1 2 4

Production 

stop/Downtime

3 2 3 18 2 1 2 4

Injury to user 6 2 3 36 4 1 2 8

Production 

stop/Downtime

3 4 3 36 2 2 2 8

Product damage, scrap 3 3 2 18 2 1 2 4

Damage to robot arm 3 4 3 36 2 2 2 8

Component durability 5 4 3 60 2 2 2 8

Injury to user 6 5 3 90 2 2 2 8

Damage to product 6 5 3 90 2 2 2 8

Worm

Sharp Edges

1) Poor Design

2) Manufacturing Process

Product testing

Design Appraisal

1) Manufacturing process

2) Re-design to remove 

any sharp edges

1) Parts will be turned on a 

CNC lathe, this will reduce 

inaccuracies and human 

errors. Will also give a 

good finish.



2) Design changed to 

remove pretruding 

mounts.



3) Chamfer and fillets 

added to remove sharp 

edges.

Worm

Does not fit/align to other 

components correctly

1) Incorrect material 

selected

2) Poor manufacturing

3) Contamination

4) Temperature fluctuation

5) Incorrect assembly

6) Not made to drawing 

specification

7) Drawing error

8) Other components out 

of specification

9) Poor finish

10) No clearance / 

tolerance set

11) No lubrication

Product testing

Design Appraisal

1) Accurate drawings

2) Clearance / Allowance 

in measurements

3) Assembly Instructions

4) Inspection

1) Parts will be turned on a 

CNC lathe, this will reduce 

inaccuracies and human 

errors. Will also give a 

good finish.



2) Accurate drawings 

produced. With tolerances 

and allowances.

Worm

Crack / Breaks

1) Incorrect material 

selected

2) Poor manufacturing

3) Contamination

4) Temperature fluctuation

5) Incorrect assembly

6) Not made to drawing 

specification

7) Drawing error

8) Other components out 

of specification

9) Poor finish e.g. burrs

Product testing

Design appraisal

1) Material selection

2) Accurate Drawings

3) Manufacturing process

4) Assembly Instructions



1)Tool Steel material 

selected.



2) Parts will be turned on a 

CNC lathe, this will reduce 

inaccuracies and human 

errors. Will also give a 

good finish.



3) Accurate drawings 

produced. With tolerances 

and allowances.
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Item Function Potential Failure Mode

Potential Effect on 

Customer Because of 

Defect

S

E

V

Potential Causes

O

C

C

Current Process Controls

D

E

T

R

P

N

Actions Recommended Actions Taken

S

E

V

O

C

C

D

E

T

Future 

RPN

Production 

stop/Downtime

4 4 3 48 2 2 2 8

Product damage, scrap 3 3 2 18 1 1 1 1

Damage to robot arm 5 4 3 60 2 2 1 4

Component durability 5 4 3 60 2 2 1 4

Damage to other 

components

5 4 3 60 2 2 1 4

Worm

Contamination from 

lubrication/oil

Damage to product 4

1) Too much lubrication

2) Incorrect lubrication 

used

2

Product testing

Design Appraisal

2 16 1) Acceptable Lubricatnts

1) Food grade lubricant 

(H1)

2 2 2 8

Product damage, scrap 4 2 3 24 0 0 0 0

Damage to robot arm 4 2 3 24 0 0 0 0

Production 

stop/Downtime

3 2 3 18 0 0 0 0

Injury to user 6 2 3 36 0 0 0 0

Production 

stop/Downtime

3 4 3 36 0 0 0 0

Product damage, scrap 3 3 2 18 0 0 0 0

Damage to robot arm 3 4 3 36 0 0 0 0

Component durability 5 4 3 60 0 0 0 0

1) Incorrect material 

selected

2) Poor manufacturing

3) Contamination

4) Temperature fluctuation

5) Incorrect assembly

6) Not made to drawing 

specification

7) Drawing error

8) Other components out 

of specification

9) Poor finish

10) No clearance / 

tolerance set

1) Material selection

2) Accurate Drawings

3) Manufacturing process

4) Assembly Instructions



1) Part no longer required.

Product testing

Design appraisal

1) Accurate drawings

2) Clearance / Allowance 

in measurements

3) Assembly Instructions

4) Inspection

5) Material Selection

1) Parts will be turned on a 

CNC lathe, this will reduce 

inaccuracies and human 

errors. Will also give a 

good finish.



2) Accurate drawings 

produced. With tolerances 

and allowances.

Does not fit/align to other 

components correctly

Joint

1) Incorrect material 

selected

2) Poor manufacturing

3) Contamination

4) Temperature fluctuation

5) Incorrect assembly

6) Not made to drawing 

specification

7) Drawing error

8) Other components out 

of specification

9) Poor finish e.g. burrs

Crack / Breaks

Product testing

Design Appraisal

1) Accurate drawings

2) Clearance / Allowance 

in measurements

3) Assembly Instructions

4) Inspection

1) Part no longer required.

Joint

Worm

Sticks/Jams with other 

components

1) Incorrect material 

selected

2) Poor manufacturing

3) Contamination

4) Temperature fluctuation

5) Incorrect assembly

6) Not made to drawing 

specification

7) Drawing error

8) Other components out 

of specification

9) Poor finish

10) No clearance / 

tolerance set

11) No lubrication

Product testing

Design Appraisal
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Item Function Potential Failure Mode

Potential Effect on 

Customer Because of 

Defect

S

E

V

Potential Causes

O

C

C

Current Process Controls

D

E

T

R

P

N

Actions Recommended Actions Taken

S

E

V

O

C

C

D

E

T

Future 

RPN

Injury to user 6 5 3 90 0 0 0 0

Damage to product 6 5 3 90 0 0 0 0

Production 

stop/Downtime

4 4 3 48 0 0 0 0

Product damage, scrap 3 3 2 18 0 0 0 0

Damage to robot arm 5 4 3 60 0 0 0 0

Component durability 5 4 3 60 0 0 0 0

Damage to other 

components

5 4 3 60 0 0 0 0

Component durability 2 2

Product testing

Design Appraisal

2 8 0 0 0 0

Damage to gripper 

components

2 2

Product testing

Design Appraisal

2 8 0 0 0 0

Production 

stop/Downtime

2 2

Product testing

Design Appraisal

2 8 0 0 0 0

1) Accurate drawings

2) Clearance / Allowance 

in measurements

3) Assembly Instructions

4) Inspection

5) Material Selection

1) Accurate drawings

2) Clearance / Allowance 

in measurements

3) Assembly Instructions

4) Inspection

5) Material Selection

1) Incorrect material 

selected 

2) Poor manufacturing

3) Temperature fluctuation

4) Incorrect assembly

5) Not made to drawing 

specification 

6) Drawing error

7) Other components out 

of specification

8) Poor finish e.g. burrs

Sticks/Jams with other 

components

1) Incorrect material 

selected for weight

2) Poor manufacturing

3) Contamination

4) Temperature fluctuation

5) Incorrect assembly

6) Not made to drawing 

specification

7) Drawing error

8) Other components out 

of specification

9) Poor finish

10) No clearance / 

tolerance set

Wear inside pin/screw 

holes

Sharp Edges

1) Poor Design

2) Manufacturing Process

Joint

Product testing

Design Appraisal

Product testing

Design Appraisal

1) Manufacturing process

2) Re-design to remove 

any sharp edges

1) Part no longer required.

Joint

Joint

1) Part no longer required.

1) Part no longer required.
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Item Function Potential Failure Mode

Potential Effect on 

Customer Because of 

Defect

S

E

V

Potential Causes

O

C

C

Current Process Controls

D

E

T

R

P

N

Actions Recommended Actions Taken

S

E

V

O

C

C

D

E

T

Future 

RPN

Fire hazard 9

1) Incorrect motor rating 

selected

2) Weight of components

3) Assembly failure

4) Faulty motor

4

Product testing

Design Appraisal

1 36 3 2 1 6

Production 

stop/Downtime

6

1) Incorrect motor rating 

selected

2) Weight of components

3) Assembly failure

4) Faulty motor

4

Product testing

Design Appraisal

1 24 2 2 1 4

Product damage, scrap 7

1) Incorrect motor rating 

selected

2) Weight of components

3) Assembly failure

4) Faulty motor

4

Product testing

Design Appraisal

1 28 3 2 1 6

Product damage, scrap 4 2 3 24 0 0 0 0

Damage to robot arm 4 2 3 24 0 0 0 0

Production 

stop/Downtime

3 2 3 18 0 0 0 0

Injury to user 6 2 3 36 0 0 0 0

Production 

stop/Downtime

3 4 3 36 0 0 0 0

Product damage, scrap 3 3 2 18 0 0 0 0

Damage to robot arm 3 4 3 36 0 0 0 0

Component durability 5 4 3 60 0 0 0 0

1) Part will be an off the 

shelf Product.



2) URS and detailed 

selection process 

completed.

Shaft

1) Part will be an off the 

shelf Product and wiil be 

part of the motor



2) URS and detailed 

selection process 

completed.

1) Check motor 

specifications/CoA

2) Supplier quality checks

3) User Requirement 

Specification (URS)



Does not fit/align to other 

components correctly

1) Incorrect material 

selected

2) Poor manufacturing

3) Contamination

4) Temperature fluctuation

5) Incorrect assembly

6) Not made to drawing 

specification

7) Drawing error

8) Other components out 

of specification

9) Poor finish

10) No clearance / 

tolerance set

Product testing

Design Appraisal

1) Accurate drawings

2) Clearance / Allowance 

in measurements

3) Assembly Instructions

4) Inspection

Shaft

Crack / Breaks

1) Incorrect material 

selected

2) Poor manufacturing

3) Contamination

4) Temperature fluctuation

5) Incorrect assembly

6) Not made to drawing 

specification

7) Drawing error

8) Other components out 

of specification

9) Poor finish e.g. burrs

Product testing

Design appraisal

1) Material selection

2) Accurate Drawings

3) Manufacturing process

4) Assembly Instructions



1) Part will be an off the 

shelf Product and wiil be 

part of the motor



2) URS and detailed 

selection process 

completed.

Motor

Motor Failure / Burns Out
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Item Function Potential Failure Mode

Potential Effect on 

Customer Because of 

Defect

S

E

V

Potential Causes

O

C

C

Current Process Controls

D

E

T

R

P

N

Actions Recommended Actions Taken

S

E

V

O

C

C

D

E

T

Future 

RPN

Injury to user 6 5 3 90 0 0 0 0

Damage to product 6 5 3 90 0 0 0 0

Production 

stop/Downtime

4 4 3 48 0 0 0 0

Product damage, scrap 3 3 2 18 0 0 0 0

Damage to robot arm 5 4 3 60 0 0 0 0

Component durability 5 4 3 60 0 0 0 0

Damage to other 

components

5 4 3 60 0 0 0 0

Component durability 2 2

Product testing

Design Appraisal

2 8 0 0 0 0

Damage to gripper 

components

2 2

Product testing

Design Appraisal

2 8 0 0 0 0

Production 

stop/Downtime

2 2

Product testing

Design Appraisal

2 8 0 0 0 0

Shaft

Wear inside pin/screw 

holes

1) Incorrect material 

selected 

2) Poor manufacturing

3) Temperature fluctuation

4) Incorrect assembly

5) Not made to drawing 

specification 

6) Drawing error

7) Other components out 

of specification

8) Poor finish e.g. burrs

1) Accurate drawings

2) Clearance / Allowance 

in measurements

3) Assembly Instructions

4) Inspection

5) Material Selection

1) 1) Part will be an off the 

shelf Product and wiil be 

part of the motor



2) URS and detailed 

selection process 

completed.

1) Part will be an off the 

shelf Product and wiil be 

part of the motor



2) URS and detailed 

selection process 

completed.

Shaft

Sticks/Jams with other 

components

1) Incorrect material 

selected for weight

2) Poor manufacturing

3) Contamination

4) Temperature fluctuation

5) Incorrect assembly

6) Not made to drawing 

specification

7) Drawing error

8) Other components out 

of specification

9) Poor finish

10) No clearance / 

tolerance set

Product testing

Design Appraisal

1) Accurate drawings

2) Clearance / Allowance 

in measurements

3) Assembly Instructions

4) Inspection

5) Material Selection

Shaft

Sharp Edges

1) Poor Design

2) Manufacturing Process

Product testing

Design Appraisal

1) Manufacturing process

2) Re-design to remove 

any sharp edges

1) Part will be an off the 

shelf Product and wiil be 

part of the motor



2) URS and detailed 

selection process 

completed.
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