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Introduction

This report has been requested to investigate the design of a typical 3 jaw end effector gripper intended to be mounted to an existing co-bot or robot. The report will investigate the existing concept design that has been generated by a design team and analyse where improvements can be made both to its functionality and also to its manufacturability. The report will use numerous different design tools and techniques to assist in decision making and ultimately create a redesigned gripper that will be superior to the original concept design.























Appraisal of the Original System 

[image: ]
Fig 1. Original concept

Having taken a cursory look at the intended design, there are obviously many ways in which it can be improved, immediately it is evident that no fasteners have been considered to allow hinge points to function, the device arms are very basic in design, and the model has not been assembled correctly, one of the three PART 5’s has been mated on the wrong arm surface. 



These points considered, it is obvious that the assembly has been designed by a team suffering from “Over the Wall Syndrome” (MOHD NASRUN MOHD NAWI1, 2014)

                         [image: Over the Wall Syndrome. ]

This is where the responsible person/team has given no consideration to other departments, and ultimately the overall success of the overall project. They have completed their remit, now the device is someone else’s issue.

In order to appraise the original design further, there is a simple processes that can be used. This process is known as a FMEA (Failure Modes and Effects Analysis) table. This process looks at the design itself, and the effects that each component has if it were to fail. It ultimately provides an RPN (Risk Priority Number) for each foreseen failure mode. The higher the RPN of a particular failure, the greater the impact the event is calculated to have. 













	Process Function
	Potential Failure Mode
	Potential Effect(s) of Failure
	Severity
	Potential Cause(s)/ Mechanism(s) of Failure
	Occurrence
	Current 
Process 
Controls
	Detection
	RPN
	Recommended Action(s)

	
	
	
	
	
	
	
	
	
	
	

	Motor Rotation
	Motor doesn’t move
	Jaws fail to complete requested operation
	8
	Power supply issue
	2
	None
	4
	64
	Install easy reset overload protection
	

	 
	 
	 
	8
	Motor Siezed
	2
	None
	4
	64
	Design assembly for easy replacement
	

	 
	Motor moves in wrong direction
	Picked item will be dropped or collision caused
	8
	Poor wiring
	1
	None
	4
	32
	QA on wiring during install
	

	 
	 
	 
	8
	Incorrect input from controller
	4
	None
	4
	128
	Use high end control system
	

	 
	Motor fails to stop
	Damage to picked component
	6
	No limits in place
	7
	None
	4
	168
	Install stops (mech, elect, or both)
	

	Driveplate traverses along worm screw
	No movement in driveplate
	Jaws will not operate/possible overload of motor
	5
	Lack of lubrication
	7
	None
	5
	175
	Set up lubrication schedule
	

	 
	 
	 
	5
	Wear to thread components
	5
	None
	5
	125
	Set up schedule for high wearing parts to be changeout
	

	 
	Driveplate travels off end of worm thread
	Catastrophic gripper failure
	10
	No limits in place
	9
	None
	5
	450
	Install stops (mech, elect, or both)
	

	Jaws open
	Jaws fail to open
	Collision with picked item
	5
	Seized pivots or external influence
	4
	None
	4
	80
	Set up visual inspection program
	

	 
	Jaws open excessively
	Damage to gripper assembly
	4
	Motor out of control
	7
	None
	5
	140
	Install overload protection
	

	Jaws Close
	Jaws fail to close
	Item will not be grabbed
	5
	Seized pivots or motor failure
	6
	None
	4
	120
	Set up visual inspection program
	

	 
	Jaws close with excessive force
	Item may be damaged
	6
	Motor out of control
	7
	None
	5
	210
	Install overload protection
	



From the table, it can be seen that each of the failures have been identified and a RPN generated. A point of note from the table is that lubrication aside, the highest 5 RPNs are linked to control and lack of system protection. Therefore this should be kept in mind throughout the redesign. 

 The report will now look at the individual components of the system and appraise each one.


· Part 1 (Jaw) 3 off
[image: ]
The jaw is the second most basic component of the assembly. Whilst the design is functional, it is too simple for the intended duty. There are 3 jaws in the original design, whilst this may look attractive and highly technical, it is substantially limiting to the versatility of the gripper. A three jaw design means that only cylindrical or spherical components can be picked unless the design made massively more complicated by giving each arm the ability to move independently of the others. The jaw also tapers off to a point. Not only does this mean the contact area the device has to ensure sufficient grip is infinitely small, it also increases the chance of causing damage to the picked item both in gripping it, and if the effector were to be involved in a collision. 
From a production point of view, the design is acceptable, being relatively easy to manufacture as it has been designed.






· Part 2 (Cylinder)
[image: ]

The cylinder provides the strength and rigidity of the assembly. It houses the three main pivot points for the Jaws and provides a mounting surface for the motor. From a design point of view, it has few flaws. The only concern would be the three cut outs in the cylinder walls. There is no need for the depth of these cuts as they are only present to allow clearance for the Jaws to open, the cuts  should be of minimal depth to achieve this as removing the material suggested in the original design will weaken the gripper substantially, unless more complicated and heavy duty fasteners are used to secure the Jaws. Also, from a structural point of view, the Jaw mounting blocks are light weight in design, they would benefit from webbings being designed from the block to the internal surface of the cylinder
From a production view the design is complicated. There is no efficient way of manufacturing the component due to the internal overhang of the mounting blocks.

· Part 3 (driveplate)
[image: ]

The driveplate serves two purposes. Along with the worm, it transfers rotational movement into linear movement. It also provides pivot points for the joins. From a design point of view, it is fully functional, the only negative is the lack of anti-rotation guides. This is an issue in that when torque is applied to the worm screw, the driveplate will try to twist. The only thing preventing this motion is the join, pivots and arms. The basic design of these components does not consider these rotational forces.

Manufacturing this component is again more complex than need be. The pivot blocks would require intricate milling from bar stock, or they may need to be welded to the plate as three separate operations, far from cost effective and time consuming.


· Part 4 (motor)

[image: ]
The motor would be purchased externally and therefore will not be evaluated here, although consideration should be made as to whether an integrated motor should be electric or pneumatic, or even whether an “on board” motor is required at all, potentially pneumatic actuators may offer a better solution.

· Part 5 (join)
[image: ]

The join is the most basic component, refer to the comments made above on the jaws as the design and manufacturing philosophy is the same.

· Part 6 (Shaft)
[image: ]
The shaft is similar to the motor in respect that it would be purchased externally, probably as part of the motor assembly, but consideration needs to be given to how the shaft will be coupled to the worm gear.


· Part 7 (worm)
[image: ]

The worm acts as the link between the rotating shaft and the drive plate to convert the rotational movement into linear movement. The worm as designed is effective, the square cut thread offering a better performance under load than a conventional thread. The major defect in the design of the worm is that no stop has been incorporated into it. Without an external influence such as solenoid switch or motor monitoring, there is every chance that the worm could screw itself out of the driveplate which would at best cause unnecessary equipment downtime, at worst, catastrophic effector damage.

This component can be easily CNC machined from bar stock on a lathe.








· Jaw design

[image: ]
The design has 3 jaws, each jaw has only 1 single line of contact. This means surface area grip is minimized, and also the design is limited to only being able to pick up spherical or cylindrical items, or components with three equally tangential faces.

· Assembly technique
In order to complete the appraisal of the design, consideration needs to be given as to how the various parts will be joined via the pivot points. The pivots will require tight tolerances which are expensive and difficult to manufacture, therefore these should be minimized. In addition to the tight tolerances, the pivots themselves would need to be oversized in order to withstand the rotational forces exerted on them due to the lack of any ant rotation devices on the drive plate.







Manufacturing Process Proposal

Before creating a proposal for how the individual parts of the end effecter are to be manufactured, there are two critical decisions that need to be made. 
The first, is how many fingers the gripper will have. It is strongly recommended that the three-jaw gripper is reconsidered, as a two fingered approach would offer greater versatility as mentioned previously, a two fingered design with multiple different profiled “fingertips” would be hugely advantageous. (Guelker, 2011)
 It should also be noted that in addition to the two or three fingered effector, there are other options that could be considered depending entirely on the item being picked. Bellows grippers, O-ring grippers, vacuum grippers are just a few of the ever evolving concepts available already (Unknown, 2018). However, as the brief stipulates that the design should be a development of the three-jaw variety, this is where we will concentrate our efforts.
	The second decision that needs to be made is how the jaws will be powered. There are many options available, however the two most common methods of power are pneumatic power, or electric actuation via a motor or solenoid. The key factor in choosing between the two is “simplicity”, for this reason, pneumatic power is often chosen as a means of power as is cheap and extremely easy to adjust the grippers speed, stroke and grip pressure. This can all be done using basic regulators and throttle valves. The downside of pneumatics is that its set up costs are high, it requires compressors, piping, cylinders, accumulators. As the original concept design is powered by an electric motor, the assumption has been made that an electric supply is already in place on the robot/co-bot arm.  For this reason of initial outlay cost, electrical actuation will be used to power the optimised end effector. (Liv, 2020)
Now that those two decisions have been made, it is important to evaluate the necessity of each component in the gripper. This should be done before considering manufacturing techniques as it is fruitless to explore processes for parts that may not even be required. In order to decide whether or not a component is essential, the Lucas concept can be used.  (Anil Mital, 2014). This is a process where all the components are sorted into two categories, either “A” (essential) or “B” (target to design out), using the following flow chart.












[image: ]


The number of essential components compared to the number of non-essential components can then be analysed using the following formula to offer a percentage design efficiency. 









For this study, a figure of 50% efficiency is the target.

Using this method to assess the main seven components plus the required fasteners, this is the result: -
	
	
	

	COMPONENT
	"A" Essential
	"B" Non-essential

	
	 
	 

	 
	 
	 

	Part 1 (Jaw)
	a
	 

	Part 2 (Cylinder)
	a
	 

	Part 3 (Driveplate)
	a
	 

	Part 4 (Motor)
	a
	 

	Part 5 (Join)
	a
	 

	Part 6 (Shaft)
	 
	a

	Part 7 (Worm)
	a
	 

	Part 8 (Fastener, Jaw to Join)
	 
	a

	Part 9 (Fastener, Join to driveplate)
	 
	a

	Part 10 (Fastener, Jaw to cylinder)
	 
	a

	Part 11 (Fastener, Gripper to co-bot)
	 
	a

	Part 12 (Fastener, Motor to cylinder)
	 
	a

	Part 13 (Coupling, motor to shaft)
	 
	a

	Part 14 (Coupling, shaft to worm)
	 
	a



This gives a design efficiency of 43%, not an acceptable figure. Looking at the non-essential list of parts, Part 6 (Shaft) can be completely designed out, having the motor shaft link directly to the worm. This would also be beneficial in that it would eliminate the need for two couplings. Only a motor to worm coupling would be required.
An additional efficiency improvement can be made by using the exact same fasteners for Parts 8 and 9.
	
	
	
	
	
	

	
	
	COMPONENT
	"A" Essential
	"B" Non-essential
	

	
	
	
	 
	 
	

	
	
	 
	 
	 
	

	
	
	Part 1 (Jaw)
	a
	 
	

	
	
	Part 2 (Cylinder)
	a
	 
	

	
	
	Part 3 (Driveplate)
	a
	 
	

	
	
	Part 4 (Motor)
	a
	 
	

	
	
	Part 5 (Join)
	a
	 
	

	
	
	Part 7 (Worm)
	a
	 
	

	
	
	Part 8 and 9 (Fastener)
	 
	a
	

	
	
	Part 10 (Fastener, Jaw to cylinder)
	 
	a
	

	
	
	Part 11 (Fastener, Gripper to co-bot)
	 
	a
	

	
	
	Part 12 (Fastener, Motor to cylinder)
	 
	a
	

	
	
	Part 15 (Coupling, motor to worm)
	 
	a
	

	
	
	
	
	
	



These subtle changes raise the design efficiency to 55%, a more acceptable figure.

Now that the number of design components have been identified and minimized, the following proposals can be made for the manufacturing process of each part. Note, these processes are generic processes, and apply to the redesigned parts as described on subsequent section “Design and Development Work).

Part 1 (Jaw)
The jaws will be laser cut from aluminium sheet, 8mm thick. They will be cut in pairs as shown below, to minimize waste material.

 [image: ]
Once the laser cutting process is complete, the jaws will be placed in a jig in stacks of 5 in preparation for the holes to be machined using a standard drill bit as the tool.

Part 2 (Cylinder)
The cylinder will be machined from aluminium bar stock bought in from the supplier with the required outside diameter to eliminate the need to machine this surface. The first process will be to bore out the centre section using a lathe before parting the component off to the correct length. From there, the remaining machine processes will be completed by a milling machine using different tooling. The exact process will be covered later.

Part 3 (Driveplate)
The driveplate will again be machined from aluminium bar stock purchased at the correct diameter to again eliminate the need to machine the outside diameter. The centre will be drilled and tapped for the worm screw through as great a depth as tooling allows. The component will then be parted off to the correct length before milling the remaining feature (described later)
Part 4 (Motor)
The motor will be sourced directly from a supplier, requesting that the frame design allows flange mounting at the drive end to accommodate the “Cylinder” through holes.

Part 5 (Join)
Similar to the jaws, the joins will be laser cut from 6mm sheet aluminium, then placed in a jig stacked 10 components high for drilling.

Part 7 (Worm)
The worm will be machined from bar stock. First the screw will be cut, then the hole drilled through the diameter for the shear pin before it is parted to length. The bore to receive the motor shaft will be machined last.

Part 8 and 9 (Fasteners, join to driveplate and join to jaw)
These will be bought in as “off the shelf” items, they will also be aluminium bolts, but of a softer grade than the jaws and the joins so as to make them “sacrificial”. This means that they will wear at a quicker rate to the harder jaws and joins. The logic being they will be cheaper to replace when the pivot joints become slack.

Part 10 (Fastener, jaw to cylinder)
These fasteners will again be bought in from an external supplier, they will be of the same grade aluminium as those described above for the same reasons. These fasteners will be caphead set bolts so that the heads sit in the counterbores of the “cylinder”.

Part 11 (Fastener, gripper to co-bot)
This will be bought in, of the correct size and specification to mount the gripper to the co-bot.

Part 12 (Fastener, motor to cylinder)
Standard mild steel bolts, externally sourced

Part 15 (Coupling, motor to worm)
This will be a shear pin made of the correct material to allow the shaft to become decoupled from the worm should an over torque situation occur. This should prevent any additional damage being coursed should the motor fail to electrically trip on overload. The pin should have a simple spring clamp to lock around the shaft when in place.
Design and development Work Undertaken 
As previously mentioned in the report, I would strongly encourage further research into other end effector designs that are currently in circulation, the three jaw device is somewhat limited in its adaptability, with this in mind, developments will be made to the original design to allow the jaw configuration to be adapted from a 3 jaw design to a 2 jaw orientation with minimal maintenance. This alteration will increase the designs versatility and future proof the gripper. Below is a detailed description of how each component will be improved/eliminated and how the parts more intricate details will be machined.

Part 1 
The Jaws will be kept basically the same as the concept design. All angled edges will be filleted to provide a better ergonomic feel. The jaw tips will be heavily rounded to provide a better contact with the item being picked. The through hole depicted in the original design to receive the join pivot fastener will now be tapped to receive a bolt fastener (M.HonarpardazaM.TarkianbJ.ÖlvanderbX.Fenga, 2017)

Part 2
The Cylinder, this part will be redesigned in several ways to improve the parts function and manufacturability. The four through holes will be maintained to allow the cylinder to fixed to the motor. The internal bore will also be kept in a similar design to the original, except it will be a slightly smaller diameter to allow for more material to be present to secure the jaws. The end to which the Jaws fix will be redesigned to eliminate the external mounting blocks for the jaws. These will be machined into the cylinder walls themselves, there will also be four of them instead of the original three. The additional mount enabling the gripper to be set up as a two-jaw gripper if the need were to arise. The other redesigns will be to reduce the length of the recesses to a minimum, to allow just enough clearance for the jaws to swing. This will increase the components strength. The final alteration will be to machine a slot to accommodate the anti-rotation pin. 
[image: ]









Part 3
The Drive plate will be improved by removing the outer blocks from the original design. The plate will instead be machined from a single bar. Four wedge shape forms will be machined into the bar to provide surfaces for the joins to butt up to, the fourth cut out being directly opposite one of the three equally spaced ones to allow the gripper to be set up with a 2 jaw configuration. These surfaces will also be drilled and tapped to receive the fasteners described below. In addition to this, a blind hole will be drilled and tapped into the side of the plate to accommodate the anti-rotation pin.

[image: ]


Part 4
As discussed, the motor will be purchased externally, sourced to our specifications for permissible torque, with the output shaft sized to match the Worms bore diameter, with a single hole drilled through it to receive the sheer pin


Part 5
There are no recommended alterations to the Join component

Part 7
The only changes needed to the Worm item is to drill a hole through the diameter of the larger wall in order to receive the sheer pin.

Part 8 and 9
These components will be set bolts, bought externally to our specification. The shoulder of which will be 0.01mm longer than the width of the joins to create clearance and allow the join to swivel.

Part 10
Again, sourced externally to our specification, these will be set cap head bolts. The shoulder length of which will be the thickness of the Join plus the length of the bore in the cylinder plus 0.01mm of clearance.

Part 11
The fasteners needed to secure the gripper assembly to the Co-bot will be purchased externally to the required specification dependent on the design of the co-bot arm

Part 12
The bolts securing the cylinder to the motor will be standard off the shelf items

Part 15
Sheer pin will be bought in, manufactured to provide sheer at the correct level of overtorque.







Manufacturing Process Design

On the following page is a high-level flow chart depicting the order in which the parts are to be assembled followed by a diagrammatic assembly, not to scale.


[image: ]


Following on from assembly, the unit should then be passed through a quality assurance check. This will involve connecting the motor to an appropriate electric supply. All functions of the assembly should then be tested as follows: -

· Drive jaws fully open
· Ensure motor stops when jaws are fully open due to anti rotation pin reaching the end of its travel in slot
· [bookmark: _Hlk43702491]Visual check for component deformation or sticking
· Drive jaws fully closed
· Ensure motor stops under minimum set electrical load (simulating low pressure component grip
· Visual check for component deformation or sticking
· Open jaws fully
· Repeat driving jaws fully closed for 50% of maximum electrical load
· Visual check for component deformation or sticking
· Open jaws fully
· Repeat driving jaws fully closed for 100% of maximum electrical load
· Visual check for component deformation or sticking
· If all steps of the test have been successfully completed, test is considered as a pass. If any tests are failed, refer assembly for rebuild procedure.











Conclusion

Having thoroughly investigated and researched the initial gripper design, it can be concluded that although it is a fully functioning and realistic design, it is far from perfect. The design changes that have been suggested in this report will not only increase the grippers functionality (ie it will have the ability to be reconfigured to a two jaw set up), they will also enable the manufacturing process to be far simpler and more streamlined. Ultimately this will result in a more cost-effective gripper both to manufacture and to maintain. The removal of components from the original design should also make the gripper more reliable.
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