


Introduction
This report looks at industry standard design review methods and how they can drive changes to a given design, a 3-jaw robotic gripper.
It covers various methods of design appraisal and applies them to appraise the design and suggest recommended changes. These recommended changes are translated into a new design of robotic gripper.
The new design robotic gripper introduces another degree of movement for each jaw (finger) utilising a spring to retain tension and focusses on 3D printing during prototype phases for speed of manufacture and then moves to CNC machining when designs are finalised, and manufacture is required. There is still a lot of work that can be done to the new design to improve it and increase its design efficiency, it can also be adapted it for other applications. The new design is based upon an existing robotic gripper design.


Appraisal of the Original System
QFD
Quality Function Deployment (QFD) is a product development tool developed in Japan in the 1960’s and adopted into Europe and America in 1983. It is a system for interpreting customer requirements into functional requirements for every step of the product lifecycle. Its effective implementation removes the bias of the engineer and executives within a company and instead focuses on the customer’s needs, prioritising them accordingly. Its use enables the user to understand the requirements of the product from a viewpoint of the user and then incorporate quality into the design process, instead of only checking control points during the production process, as was the case previously. This allows for total quality control. 
The QFD model is very adaptable and has been applied to wide range of varying industries. Such as designing animatronics for the use in theme parks, improving housekeeping within the hospitality industry or component engineering and paint engineering within the automotive sectors.
There are many proven benefits to incorporating quality into the design process (a pro-active approach) instead of 'inspecting quality' into a product, checking that it meets a required standard (a reactive approach which adds no value to the product and increases costs.
The proactive approach of incorporating quality into the design means design changes occur earlier in the project, fewer design changes are required overall, there is a decrease in development time required and less inspection time is required for the product once it is manufactured. Another benefit to a company is that by accumulating and preserving customer needs and requirements, you are able to build a knowledge base that can be used in the future with other products, transferring knowledge within the business.

[image: ]Completed QFD

DFMEA
Design Failure Mode Effects Analysis (DFMEA) is a systematic quality assurance process used during the product design stages to identify potential failures within a system or product. Once identified, they can be actioned to eliminate or reduce the chance of potential failure occurring. This process is usually completed by a cross functional team and is documented and retained for future use and updates. It evaluates a risk of failure by calculating an RPN for each potential failure point in terms of Severity, Occurrence and Detection, allowing you to prioritize your area of focus to reduce the risk by product development at an early stage whilst costs are much lower.
There are a wide range of benefits associated with the use of a quality tool such as a DFMEA, its use can help select alternative solutions/decisions in system, design and process uses, ensuring that all conceivable effects on success have been considered. It improves the quality safety and reliability of products and processes in a proactive manner which translates into a more satisfied customer.

Completed DFMEA (Initial Design)

	Item:
	3 Jaw Robotic Gripper
	Model:
	Original
	Prepared by:
	D Adams
	 

	Process Function
	Potential Failure Mode
	Potential Effect(s) of Failure
	Sev
	Potential Cause(s)/ Mechanism(s) of Failure
	Occur
	Current 
Process 
Controls
	Detec
	RPN
	Recommended Action(s)

	Assembly of Worm and Motor
	Cross-threading of parts
	Catastrophic failure of gripper
	7
	Operator error
	5
	Operator training
	6
	210
	Create Assembly Jig Poka Yoke

	Assembly of Worm and Drive plate
	Cross-threading of parts
	Damage to worm and or drive plate
	8
	Operator error
	5
	None
	3
	120
	Create Assembly Jig Poka Yoke

	Assembly of Worm and Drive plate
	Incorrect part orientation
	unable to mount jaw sub assembly
	8
	Operator error
	3
	Operator training
	2
	48
	Build process sheets

	Assembly of Cylinder and motor
	Incorrect Fastener used
	Damage to motor
	7
	Multiple fasteners available for use
	4
	None
	4
	112
	Create standard use of fasteners and pick-bins

	Assembly of Cylinder and motor
	Cross-threading of fasteners
	Damage to motor
	8
	Operator error
	3
	None
	4
	96
	Create Assembly Jig Poka Yoke

	Sub-Assembly of Jaws and Joints
	Incorrect part orientation
	Gripper would not function
	8
	Operator error
	6
	None
	2
	96
	Create Assembly Jig Poka Yoke

	Sub-Assembly of Jaws and Joints
	Incorrect Fastener used
	Damage to machined Jaw
	6
	Multiple fasteners available for use
	4
	None
	4
	96
	Create standard use of fasteners and pick-bins

	Assembly of Jaws sub-assemblies and Drive Plate
	Drop sub assembly whilst fitting
	damage to components
	7
	multiple hands required for assembly
	4
	None
	6
	168
	Create Assembly Jig Poka Yoke

	Assembly of Jaws sub-assemblies and Drive Plate
	Incorrect Fastener used
	damage to components
	7
	Multiple fasteners available for use
	5
	None
	4
	140
	Create standard use of fasteners and pick-bins



Design for X
Design for Excellence (DFX) is a systematic methodology for designing products in a way that ensures they meet or exceed the customer requirements with efficiency in mind. X is substituted for one of the following terms to enable the user to assess the design with a specific functionality in mind:
· Manufacturing – DFM 
· Assembly – DFA 
· Reliability – DFR 
· Serviceability and Maintainability – DFS 
· Environment – DFE 
· Life cycle cost – DFL 
DFM
Design for Manufacture (DFM) looks at designing the product in way to facilitate the manufacturing processes in the most efficient manner. It will aim to reduce the manufacturing costs and processing costs (converting raw materials into formed materials). It aims to optimise all of the manufacturing functions such as fabrication, assembly, testing, shipping, delivery, service and repair, to make them as efficient as possible.
 Standard method of practice for DFM
· Simplify the design and reduce the number of parts – reducing the number of parts required (removing excess) whilst still achieving the functionality of the product is the greatest opportunity for reducing manufacturing costs, as you do not need to design or manufacture the parts or consider any of the factors that go along with it. There are two recognised methodologies for achieving this – the Lucas Method (A and B parts) or Boothroyd & Dewhurst (1 and 0 parts). Hover the both focus on essential or fundamental parts to the functionality of the product and non-essential parts which need to be evaluated and designed out if possible (i.e. fasteners)
· Develop a modular design – using a modular approach to the design simplifies the design and allows for quicker, more efficient manufacturing activities such as assembly, purchasing, re-design, testing etc.
· Use of standard components – Standard components are a much cheaper alternative to custom made components. They are readily available and are interchangeable. If a product is designed with standard, readily available components, it reduces lead times, manufacturing costs of setting up tooling for custom items, the requirement for testing and validation of reliability and also removes the production pressure from the designers and passes it to the supplier.
· Design parts to be multi-functional – multi-functional parts reduce the total number of parts required in a design by performing more than one of the functional requirements. Examples of these include a vehicle chassis acting as the structural member as well as the earthing line, or the engine casing of a motorcycle acting as the containment for the combustion process and also as the heat dissipation.
· Design for ease of fabrication – selecting an optimum combination between the material and fabrication process to minimize the overall manufacturing cost. Examples of these are painting, coating, polishing, finishing machining etc. and should be avoided if possible as they lead to increased production costs.
· Provide tolerances – each manufacturing process can achieve a certain level of tolerance (dimensional, surface finish etc.) usually the more accurate the dimension or the finer the surface finish, the higher the manufacturing cost.
DFA
Design for Assembly (DFA) is a subset of DFM which looks at designing the product in a way to facilitate the assembly processes in the easiest and most efficient manner.
Standard processes to maximise the ease of assembly:
· Part is inserted from the top – a uni-directional assembly using gravity is preferred
· Part is self-aligned – i.e. adding leading edges to parts
· Part does not need to be orientated – either the part is omni-directional and therefore or it can only be assembled in the correct orientation by default
· Part requires only one hand – this allows the assembler to use the remaining free hand for other activities
· Part requires no tooling – this reduces costs of tooling and also an easier installation
· Part is assembled in a single linear motion – parts should consider access and visibility for ease 
· Part is secured immediately upon insertion - the reduction of the requirement for fasteners and instead “snap” together components is preferred. This not only makes it easier to assemble and the need for tools but also reduces the number of components used.
DFR
Design for reliability (DFR) is the method of designing the product in a way that increases the reliability of the product. reliability is defined as the probability that a component or assembly will perform its intended function under give conditions. By improving reliability, you decrease the likelihood of failures occurring, or you change the design in a way that even if a failure occurs, the system can still function as intended (i.e. standby equipment).
Serviceability, Maintainability and reliability are all interconnected because minimizing maintenance and facilitating service can be achieved by improving reliability.
DFS
Design for serviceability and maintainability (DFS) is the method of designing the product to ensure that it will perform as required (reliably) throughout its intended life for with the lowest possible cost and effort required. Cost and effort are captured in the following ways:
· Downtime for maintenance
· Downtime due to breakdowns
· User and technician maintenance training and effort
· Personnel injury resulting from maintenance tasks or from breakdowns
· Cost resulting from maintainability features – removable covers etc.
· Logistics requirements for replacement components or assemblies and personnel – transportation and storage
To improve maintainability, the following methods can be adopted:
· Minimize the number of serviceable Design Parameters (DP) with simple procedures and skills
· Provide easy access to the serviceable DPs by placing them in serviceable locations – this makes it safer and quicker to access DPs when required and allows for a better visual inspection process for failure identification and avoidance (preventative maintenance)
· Use common fasteners and fastening methods throughout the assembly to reduce tool requirements, decrease service time and for ease of process
· Provide protective/safety devices such as guards, covers, sensors, switches and interlocks to help protect equipment from catastrophic failure and to protect users/maintenance personnel
· Design for minimal adjustment requirements such as using self-tensioning belt systems.
DFE
Design for Environment (DFE) is a method for reducing the overall human health and environmental impact of a product, process or service over its life cycle. Points considered during the DFE exercise include:
· Design for environmental processing and manufacturing- using more environmentally friendly manufacturing methods which use less energy/produce less waste/emissions (i.e. create steel using an electric arc furnace rather than a blast furnace)
· Design for environmental packaging – reduce the overall amount of packaging (essential only) or source more environmentally friendly packaging such as lightweight or recyclable (i.e. cardboard boxes instead of wooden crates or paper instead of plastic bags)
· Design for disposal or re-use – ensure items can be separated easily into the respective disposal groups (plastics, glass, cardboard, metal etc.) or components can be dis-assembled and re-used.
· Design for energy efficiency – use more efficient drives and more aerodynamic parts where possible, reduce weight and waste. (i.e. use LED components instead of halogen)
DFL
Design for life cycle costs (DFL) evaluates at the product over its entire life cycle and seeks to maximise the value of a product and understand its impacts at the design stages. A product life cycle can be segmented into 8 categories:
1. Product concept
· Function
· Cost
· Use Issues
· Industry Problems
2. Environmental Issues
· Environment of Use
· Material Footprint
· Manufacturing Footprint
· Longevity
3. End-of-Life Issues
· Disposal Vs. Recycling
· Material Dispersal
· Closing the loop
4. Design
· Design for Use
· Material Choice
· Manufacturing Method
5. Final Review
· Product Concept
· Environmental Issues
· End-of-life issues
· Packaging
6. Manufacturing
· Sourcing
· Certification
· Scheduling
· Prototypes
7. End-of-life
· Store/consumer Recycling
· Leasing Options
· Waste Stream
8. Reuse
· Recycled Municipally
· Recycled by GHG


Manufacturing Process Proposal
There are many stages to the manufacturing process, during the initial prototype phases where multiple designs may need to be created and tested, it may be beneficial to use a 3D printing method to create ABS parts for the assembly, this allows for low-cost, rapid prototyping. However, 3D printing is a relatively slow process and may not give a true representation of the completed component in terms of strength or surface finish. There are 3D printing methods that use different materials and technologies which can produce metal items, this could be explored further as a possibility for certain applications.
During the manufacture process, the design would require a combination casting and CNC machining for the fingers, CNC machining for the base plate, and gears. Casting is able to offer complex shapes and designs, CNC machining is able to offer high speed, repeatable, accurately produced components for a range of applications.
After analysing the design using the DFM methodologies, it would be beneficial to purchase as many readily available “off-the-shelf” components as possible. It also highlights that the design can be further improved for design efficiency.
Proposal of component manufacture processes
	Component
	Process
	Quantity
	DFA assessment

	Base Plate
	CNC
	1
	A

	Stand-off 
	CNC
	3
	B

	Servo Motor including coupling
	Purchased
	1
	A

	Worm gear
	CNC
	1
	A

	Palm
	CNC
	1
	B

	Worm gear/palm gear bearing
	Purchased
	7
	B

	Finger Section 1
	CNC
	3
	A

	Finger Section 2
	CNC
	3
	A

	Tendon
	CNC
	3
	B

	Linkage
	CNC
	3
	B

	Spring
	Purchased
	3
	B

	Palm gear Pin
	CNC
	3
	B

	Palm gear pin clip
	Purchased
	6
	B

	Joint Pin
	CNC
	12
	B

	Joint pin clip
	Purchased
	24
	B

	Baseplate bolts
	Purchased
	6
	B

	Standoff Bolts
	Purchased
	3
	B

	Palm rubber insert
	Laser Cut
	1
	B

	Finger section 1 rubber insert
	Laser Cut
	3
	B

	Finger section 2 rubber insert
	Laser Cut
	3
	B

	Worm gear Coupling pins
	Purchased
	8
	B

	Joint Pin bearings
	Purchased
	24
	B




Design and Development Work Undertaken
Solid works designs
The new design gripper focusses upon a jaw with a second freedom of movement (joint).
The jaws are driven by a common worm gear connected to a servo motor.
The worm gear drives 3no Palm gears which in turn drive 3no tendon gears which are incorporated into the tendons.
As the worm wheel turns and the palm gears turn, causing the tendons to pivot around the primary axis and close both sections of the finger as one. 
As the lower section of the finger encounters resistance from the object, springs between the two sections, which keep the fingers aligned, extend under tension, allowing the second portion of the finger to continue rotating around the secondary axis.
The gear ratio between the servo motor worm gear, palm gears and tendon gears allow for a fine degree of control.
The use of a servo motor with positional and force feedback allows for finite control and repeatability. 
The design assumes for power supply to be provided via the robot wrist attachment.
[image: ]
Figure 1
Figure 1 shows the large opening extent of the gripper assembly, by adding a joint to the jaws, they work more like a finger and are able to pick up larger objects closer to the palm but maintaining grip strength. This can be especially useful when picking up large circular objects (such as flanges) or complex polygons.
The Palm and fingers of the assembly have a rubber insert to increase grip and reduce potential for damage to delicate components 
[image: ]
Figure 2
Figure 2 shows the gripper in a closed position, this is a representation of being able to completely encompass an object.
[image: ]
Figure 3
Figure 3 shows the gripping or “pinching” of smaller/thinner objects. This type of grip would be highly desirable for accurate/precise works.
[image: ]
Figure 4
Figure 4 shows a closer look at the drive system and pivot mechanisms including tendons and finger sections, it does not show the springs within the assembly.
[image: ]
Figure 5
Figure 5 shows the “off-the-shelf” servo motor mounted to the base plate


Conclusion
· New design is a lot more complex than the original, could be simplified. Has a lot more functionality. Has a lot more parts, would be more expensive to manufacture. Original design was only fit for one purpose which is doubtful it would execute properly
· New design can be scaled up or down to suit application
· Relies upon a combination of servo motor and mechanical springs with linkages, calculations would need to be made depending on material being picked up as to spring/servo strengths
· There are existing products on the market that are a lot more adaptable and complex or a lot simpler and more proven
· New design requires further design appraisal work to improve design efficiency
· New design can be taken further to become “adaptive” a breakaway clutch for each finger would enable each finger to grip completely independently of each other
· Protective cover around mechanisms to increase reliability
· New design focused around existing gripper designs
· New design does not require a load to be centred, this can be more forgiving in a cobot setting but could be less forgiving in an automated pick and place operation where accuracy is key
· New design is much more aesthetically pleasing which leads the consumer to believe it is a better designed/ more considered product
· New design is less likely to damage whatever it is picking up
· 

References
George E Dieter, Linda C. Schmidt- Engineering Design
Dym, C. L., Little, P. and Orwin, E. J., Engineering Design - A Project based introduction-Wiley
Haik, Y. And Shahin, M. T., Engineering Design Process, Cengage Learning
K Tlegenov, Y & S Almas. (2015). A Low-Cost Open-Source 3-D-Printed Three-Finger Gripper Platform for Research and Educational Purposes
Balmer, R. T., Keat, W. D., Wise, G., and Kosky, P., Exploring Engineering, Third Edition: An Introduction to Engineering and Design
V.B Bhandari- Design of Machine Elements
Donald A Norman- Living With Complexity
Jorma Tuomaala- Creative Engineering Design
Don Norman- Design of everyday things

[bookmark: _GoBack]
image4.png




image5.png




image6.png




image7.png




image1.png




image2.png




image3.png
llllllll

‘‘‘‘‘‘‘‘

GON

VAN

<X

0.4

v

&

(KX

LR

%

l
il
T

PRX-

A x





