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[bookmark: _Toc106289693]Introduction 
The task for this project is to design and potentially manufacture a mechanical gripper / end effector, for use in a pneumatic application and to coincide with the co-bot technology available within the laboratory. In the specification it states that the customer requires the design to be suitable for high volume manufacture, it should be mechanically actuated and it should be robust enough to withstand use within a production environment. It is important to consider the manufacturing costs of the potential design and not to over complicate the mechanics of the end effector, ensuring consistent, yet low-cost results.
[bookmark: _Toc106289694]Design Brief
	[bookmark: _Toc71458734][bookmark: _Toc106289695]Clients
	· FESTO 
· Staff in FESTO lab

	Designer
	· Tommy Came

	The Problem
	A problem has occurred that due to an increase in production requirements, there is a need to incorporate a cobot to unload finished components to an AGV for dispatch; there is currently no method of picking up the workpiece from the unload station

	The Solution
	The solution to the problem is to invest time into looking at gripper design that would be effective for transporting the finished product onto the AGV for dispatch

	End Goals
	The end goals of the solution are
· To design a pneumatic gripper
· To ensure it is compliant with all H&S Regulations
· To have no unnecessary damage to the component
· Keep the cost of replacement components low
· Keep unplanned maintenance downtime low
· Safely deliver the component to the unload station without human intervention 

	Target Market & Stakeholders
	The target market is the FESTO team that are looking to integrate the collaborative robot into the production line.

	Budget 
	It is important to keep the solution low cost but without substituting the quality of the product.

	Completion Date
	The completion of the project should be by June 2022

	Constraints
	· Must be user friendly
· Must be able to fit into the unload station
· No burrs or sharp edges for maintenance safety requirements
· Must be light enough for the cobot to safely move.









[bookmark: _Toc106289696]PDS – Product Design Specification
[bookmark: _Toc106289697]Price
· Less than £1000 to manufacture and install
· Low maintenance cost of no more than £150
[bookmark: _Toc106289698]Performance
· Unclamped stroke of 116mm to clear the component
· Clamped stroke of less than 114mm to clamp component
· Be suitable for the weight of the component
· Must securely hold component
· Must release component correctly
[bookmark: _Toc106289699]Working Environment
· Must not react to lubricating oils
· Temperature will be controlled at 20°C
[bookmark: _Toc106289700]In Life Service
· Inspected before application
· Spare parts available
[bookmark: _Toc106289701]Material Requirements
· Reusable or recyclable materials
· High friction rubber type material to contact part
· Easily available materials
· Mustn’t easily deform
[bookmark: _Toc106289702]Maintenance
· Quick and easy replacement of parts
· Minimal downtime, sub-30-minute replacements
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[bookmark: _Toc106289704]Component 1 - Intermediate Flange
The first component that was considered was an intermediate flange which was dimensioned correctly to bolt straight onto the co-bot arm; this flange can then be used to be the middle man between the cobot and gripper decided upon for the application. The piece itself must be made from a hard wearing material which will maintain its form but not be too difficult to manufacture, allowing for in house manufacture to reduce cost and ensure quality.
The form of the flange itself was based upon the dimensions taken from the model of the cobot arm that it would be attached to. This included:
· Clearance holes for 4 threaded fasteners, Ø8.2mm to suit the M8 thread in the cobot arm. (Figures 1&2)
· Ø28mm mandrel on rear to locate into cobot arm. (Figure 3)
During the early stages of the design, the front face of the intermediate flange, was left blank until more research had been done into the style and type of pneumatic gripper needed for the proposed application. 
[bookmark: _Toc106289705]Component 2 – Pneumatic Gripper
The second component taken into consideration in the design was style of gripper to be used in the assembly. When taking the ‘Design for X’ methodology into consideration, it was decided that an off the shelf, standard gripper component would be the most beneficial to incorporate into the assembly due to the reduced cost, compared to a bespoke piece and the reduced strain upon the manufacturing schedule of the project.
It had to be firstly decided the style of gripper to be used, for example:
· Parallel Gripper
· Radial Gripper
· Three-point Gripper 
· Swivel Gripper
After some research it was decided that a type of parallel gripper would be most suited to the application due to the simplicity of the design and the ability to efficiently grip rectangular products.
The gripper chosen was a FESTO - HGPM-12-EZ-G9 Parallel Gripper; this pneumatic gripper was direct flange mounted so could easily be fixed to the intermediate flange, with the design being altered to accommodate the FESTO component. (Parallel gripper HGPM-12-EZ-G9 | Festo USA, 2022)
The gripper itself had an unclamped dimension of 39mm and clamped dimension of 33mm, giving a 6mm clamping stroke, which should be plenty to grip the component from the unloading point. (Figure 4)
When deciding on a suitable gripper to use on the design, it was important to consider the dimensions of the phone that would be transported and the method in which it would be lifted; for this method the mobile phone would be lifted from either end therefore allowing the originally chosen to be suitable. (Figure 4.9) 
[bookmark: _Toc106289706]Pneumatic Gripper and Intermediate Flange – Initial Model
When the pneumatic gripper from FESTO had been selected, the intermediate flange could then be altered on the front face to suit the style of mounting that the gripper required. The gripper has two 3mm dowel holes and two M3 threaded holes which allow attachment to the flange. 
These features were added to the intermediate flange along with an extruded base which matched the diameter of the gripper mating face, for the pair to join. (Figure 5)
When looking at the 3D model for the gripper and intermediate flange mating, it looked good (Figure 6), however, when the thought occurred that there didn’t seem to visually be a point for an air supply it was looked into further. The point on the gripper for the air supply is directly in the centre of the mating face; the air supply to the gripper requires a push fit FESTO fitting to be threaded into the face of the gripper. (Figure 7). With this in mind, the way the two components join together is not going to be possible without an alteration to the flange, or a change in the style of gripper used.
The decision made was to make an alteration to the intermediate flange, this alteration was to allow the FESTO push fitting enough room to thread into the gripper and then pass through the intermediate flange. (Figure 8).
[bookmark: _Toc106289707]Component 3 – Grabber Arm
Next, the grabber for the FESTO component was looked at; this is the piece that would actually be picking the part up from the unload station. When designing this component, it was important to consider the stroke of the clamp / unclamp unit, the dimensions of the phone, the stresses and strains that would be applied upon it, the weight, the cost of manufacture and the method in which it could be assembled.
After measuring the dimensions of the mobile phone which was to be transported (Figure 4.9), it was shown that the unclamped state of the gripper must be more than 114mm + another 1-2mm for clearance either side to allow the clamps to get underneath the component. 
When designing the grabber claw, a design was looked at to use an L shaped claw either side of the component which attach directly to the gripper using a threaded fastener. When the gripper is unclamped, the claws will move into position with clearance either side of the component and then retract on the clamping stroke to securely hold the component. (Figure 9).
A modification that could’ve be made to the grabber was to add a urethane grip into the design so that part would be more secure in it while being transported (Figure 10), however, this would add another component to the assembly so when considering the design for assembly would complicate the design more. It was also found that where this grip would be located on the grabber arm would not sit well on the component, it would sit on the top half and also in a cut out between the two halves of the component, possibly allowing it to split. (Figure 11)
After revaluating the way grabber claw would hold on the part it was decided to lose the grip but add a chamfer to the area it would pick the part up from, to clamp on the chamfer on the component. (Figure 12). This modification would allow the grabber to sit securely on the component on this plane. 
Another simple modification made to the original grabber claw was the extension of the width. The width of the grabber claw was initially only 20mm, however, the width of the phone was 60mm, so this could leave room for the phone to slip
out of the grabber possibly, so the width was extended to 40mm to allow a greater surface area to be in contact with the part, hopefully stopping rotational movement and slippage in this plane also. (Figure 12.9)

[bookmark: _Toc106289708]DMFEA

	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)
	Responsibility and Target Completion Date

	
	
	
	
	
	
	
	
	
	
	
	

	Picking up of the Component
	Doesn't pick component up successfully
	Inefficient transport of component to AGV or need for human intervention
	10
	Cylinder doesn’t complete full clamping stroke
	5
	Preventative maintenance / checks
	8
	400
	Make sure to check clamping stroke of cylinder before operation
	Tommy Came
	

	
	Plastic deformation of gripper
	Component slips out of gripper
	9
	Cylclic loading cause fatigue fracture 
	3
	CAD Study for prediction
	6
	162
	Use a strong material for the gripper and inspect before operation
	Tommy Came
	

	
	Misload from previous operation
	Gripper crash into component
	10
	Component loaded onto unload track incorrectly
	2
	Sensors to ensure part is on unload tack correctly
	9
	180
	Check sensors before operation or design Poka Yoke to ensure component cannot be misloaded
	Tommy Came
	

	 
	Air pressure failure for actuation of clamping cylinder
	Gripper crash into component or fail to clamp
	10
	Split air line,  compressor failure, faulty valve
	1
	None
	5
	50
	Pressure sensors linked to the PLC to make sure the operation doesn’t begin / continue without sufficient air pressure
	Tommy Came
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	Release of the Component
	Failure to release component onto AGV
	Component stays in the gripper when it is trying to pick up another
	8
	Sticky gripper, doesn’t open fully
	2
	None
	6
	96
	Sensors to make sure the gripper fully opens when it is told to.
	Tommy Came
	

	
	 
	 
	 
	 
	 
	 
	 
	0
	 
	 
	

	Transport of Component
	Slippery grabber arm 
	Part slips out of arm
	8
	Nothing holding the part in
	5
	None
	7
	280
	Modify grabber design to incorporate a urethene jaw
	Tommy Came
	


[bookmark: RANGE!A1:P21]
DFMEA or FMEA is a quality tool used to help analyse a design and evaluate alternatives which could potentially be better improvements. Using a DFMEA to evaluate a product can help to increase customer satisfaction, by proactively addressing failures that keep us from meeting critical customer requirements in processes or products. In this case the FMEA helped identify some potential issues that could be faced when using the proposed design and preventative measures that could be used to address these issues before they occur.


[bookmark: _Toc106289709]Manufacturing Process Proposal
To manufacture the proposed design there will be different processes involved to complete the assembly. Whilst some of the proposed components may be available to purchase from a direct supplier, some components will require bespoke manufacture. The differences in manufacturing process is not avoidable due to cost constraints and the availability of spares.  
[bookmark: _Toc106289710]Intermediate Flange
The manufacturing process proposal for this component is CNC milling / turning, due to the proposed material of manufacture being an aluminium or steel. The process is accurate enough to manufacture the component to tight tolerances, using different types of tooling such as drills, face mills, reamers and taps. Also any wastage from the machining can be recycled to help reduce the carbon footprint of the company and also improve the sustainability aspect.
[bookmark: _Toc106289711]FESTO Parallel Gripper
The FESTO parallel gripper is a component that can be bought from the manufacturer, which is beneficial to the design because it will reduce the manufacturing schedule whilst also using a standard component.
[bookmark: _Toc106289712]Grabber Claw
The grabber claw can be manufactured in different ways. The first idea to manufacture the component was to cut, drill and bend a steel plate into the required shape, twice; however this method would be complicated to manufacture, especially if needed quickly for repair, there may be lead times on the materials and then there are skills required to make up the parts. 
The second idea for manufacture of the grabber jaw was to additively manufacture them using a polymer material which could withstand the forces exerted upon it and withstand the cyclic loading, but also in the event of a plastic deformation or fracture, it would be low cost, simple ad quick to replace the component.
[bookmark: _Toc106289713]Threaded Fasteners & Dowels
The use of threaded fasteners and dowel pins within the assembly are essential due to the way that the FESTO parallel gripper will be attached to the intermediate flange; this is not necessarily a bad thing because these are off the shelf components which are not only effective but cheap and also easy to find and replace.
POKA-YOKE 
A Poka-Yoke is a ‘Lean’ principle, that helps prevent mistakes by fool-proofing an operation. A Poka-Yoke may be something physical within an assembly line or may be within software using a physical check, for example a sensor. During the design of the end effector, a form of poka-yoke could be integrated by using a proximity sensor to ensure the part is seated in the grabber correctly; this would reduce the risk of misloaded parts causing an issue to the process. (Tool and Tool, 2022)
[bookmark: _Toc106289714]Unload Station
Currently, the finished part is placed by a gripper onto the unload station guided by two rails either side; for the proposed design to work, these rails would need a slot cut into them to allow the extended / unclamped grabber to come in and get in to the gripping position for the component. This modification could be done using a conventional milling machine. (Figure 13)
[bookmark: _Toc106289715]Stress Analysis – Material Selection
During the design process and the selection of materials to be used for the grabber, it was possible using Solidworks to carry out a stress analysis, using different types of materials and different forces to help in the decision-making process.
[bookmark: _Toc106289716]PEEK
The first material put under a stress analysis test for the grabber was PEEK or Polyether ether ketone; this material was chosen because it can be 3D printed and it also possesses other beneficial properties such as:
· Resistance to harsh chemicals
· Excellent mechanical strength and dimensional stability
· The ability to maintain stiffness at high temperatures
· Good dimensional accuracy
(A Complete Guide to PEEK Material & Properties - WayKen, 2022)
When put under the relevant forces the deformation was visible. Figure 14 shows the PEEK under 20N of load and there is already a deformation in the shape of the grabber, Figure 15 shows the grabber under 50N of force and the deformation is even greater (as expected), however, when analysing the results for the deformation of the model, there was a deformation of 2mm across the whole model which would possibly not be acceptable. When under 250N of load there was a deformation of 10mm which would definitely not be acceptable. (Figure 16)
[bookmark: _Toc106289717]Plain Carbon Steel
The second material to be stress analysis tested was a plain carbon steel. This material was chosen as a potential candidate because it possesses beneficial properties such as:
· Good yield strength
· Good UTS
· Good mechanical properties
· Malleability for bending into chosen form
When the plain carbon steel was put under 250N, it showed its capability by resisting the forces well, showing on the analysis, a deflection of 0.7mm which is good (Figure 17). One key point to consider when carrying out these stress analysis tests is that the result is only for one side of the grabber; the forces exerted on the grabber in the stress analysis test will matched on the other grabber opposite it, so a deflection of 0.7mm becomes 1.4mm.
ABS Polycarbonate
The last material tested was an ABS Polycarbonate. This material can also be 3D printed so would be a good choice as far as accessibility is concerned, however, when put under a 50N load, just as the other two previous material had been, there was a 9mm deformation, which is significantly worse than the previous 3D printable material. (Figure 18) 
Assembly Mass 
Using an alloy steel for the intermediate flange and PEEK for the grabber jaws, the mass of the assembly is 327.95g, which is a good, low weight. (Figure 19)
QFD
[image: ]
The QFD shows the ratings of importance of different design features to the customer, it also compares competing products within the market to give a good comparative way to improve the quality of the current design.
Conclusion
To conclude the study of this end effector design and evaluation, I feel there has been some good skills developed, as well as constructive analysis of each design concept that was presented. Throughout the project there were alterations and developments of initial designs according to the data that came from the design techniques such as DFMEA and QFD, however, there were issues which occurred from different evaluation methods, such as the stress analysis tools used within Solidworks, this tool was especially useful when analysing the material choices available to me. 
I feel that the assembly could be beneficial to the proposed purpose due to its repeatability and low expense to manufacture and repair if necessary. The use of CNC machinery, off the shelf products and also 3D printing shows how different manufacturing processes are best used for different applications. 
The use of threaded fasteners as joining methods could be reduced in future designs as they can become loose and unreliable. The materials chosen can be recycled, if necessary, at the end of life, which is important to the sustainability issues being faced by the world today. 
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[bookmark: _Toc106354845]Figure 1 - Clearance Hole Diameter
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[bookmark: _Toc106354846]Figure 2 - M8 Threaded Holes in Cobot
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[bookmark: _Toc106354847]Figure 3 - 28 Diameter on flange
[image: ][bookmark: _Toc106354848]Figure 4 - Clamped and Unclamped Stroke Length

[image: ]Figure 4.9 - Phone Dimensions

[image: ]Figure 5 - 3mm Dowel Holes

[image: ]Figure 6 - Intermediate Flange and Gripper



















	

[image: ][image: ]Figure 8 - Modified Intermediate Flange
Figure 7 - Push Fitting on Gripper
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[image: ]Figure 9  - Grabber ArmFigure 10 - Urethane Pads for Gripper Arms

[image: ][image: ]Figure 12 - Chamfer on Grabber Arm
Figure 11 - Issue with Pad Clamping Position
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[image: ]Figure 12.9 – Extended Grabber arm widthFigure 13 - Slot Required in Unloading Station















[image: ]Figure 14 - PEEK Deformation 20N

Figure 14 - PEEK Deformation 20N


[image: ]Figure 15 - PEEK Deformation 50N
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Figure 16 - PEEK Deformation 250N
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Figure 17 - Plain Carbon Steel Deformation 250N
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[image: ]Figure 18 - ABS Polycarbonate Deformation 50NFigure 19 - Mass of Assembly






image3.png




image4.emf
Maximum lifting weight 

Gripper Opening 

Gripper weight

Gripper force 

Repeatability 

Opening/closing speed

Life span

Temperature 

4 Lightweight 

6 Strong grip

9 Reliable 

10 Accurate 

3 Low Cost 

7 Low maintainance 

8 Long life span

1 2 3 4 5

2

3

4

5

Maximum 

lifting weight 

Gripper 

Opening 

Gripper weight

Gripper 

force 

Repeatability 

Opening/closing 

speed

Life Span Temperature 

Dimension

Kg mm g N mm mm/s Cycles °C

Companys 

own product

5kg 85mm 327.95 50N 0.05mm 20mm/s

>3 million 

cycles

 -40 to 150°

Target value

>8kg 155mm <825g 50 0.05 <20

>3 

million

 -40 to 

150

Competing 

Product 1

2.5kg 155mm 250g 70N 2.5mm 25mm/s

>2million 

cycles

0 to 50°

Importance rating

357 327 381 201 389 219 291 261

Competing 

Product 2

8kg 5mm 500g 120N 2mm 0.2s

>3 million 

cycles

 -10 to 100°

Relativce importance

5 3 4 2 1 7 8 6 Target Value  >8kg 155mm >500g 50N 0.05mm <20mm/s

>3 million 

cycles

 -40 to 150°

Customer rating 

(1 = least, 10 = most important)

Design 

requirements

--------------------------------------------------------------------------

--------------------------------------------------------------------------

--------------------------------------------------------------------------

--------------------------------------------------------------------------

Rating 

Scale



Key:

       = Company's own product 

       = Competing product (CP)  

       = Competing product (CP)  

--------------------------------------------------------------------------

------------------------------------------------------- ------------------------------------------------------- ------------------------------------------------------- ------------------------------------------------------- -------------------------------------------------------

Key: 

Strongpositive

Strongnegative

Weak positive

Weak negative

Relationship scores

= 9

= 9

= 3

= 3

1

2

1

2 1

2

2

1

1

2

2

1

2

1

2

1

2 1

2 1

2

1

1

2

2

1

2 1

1 2

2

1


image5.png
Area:

Diameter:

Perimeter:

244.73mm2
8.2mm

s1.52mm





image6.png
Area:
Diameter:

Perimeter:

106.03mmA2
7.5mm

47.12mm





image7.png
Perimeter:

175.93mm*2

28mm

175.93mm





image8.png
FesTo
P P
geschlossen
8 offen

Ausgangssiel lung




image9.png




image10.png




image11.png




image12.png




image13.png
-Z Automatyka





image14.png




image15.png




image16.png




image17.png




image18.png




image19.png




image20.png
AW T W

von Mises (N/mA2)
9.016e+06

8.115+06

Model name: Gripper Claw
Study name: Static 1(-Default-)
Plot type: Static nodal stress Stress 1
Deformation scale: 1

7.214e+06
6313e+06
5412e+06
4511e+06
3610e+06
2709 +06
1.808e+06
9.066e+05

5504e+03





image21.png
TR | R TEEEEE

Model name: Gripper Claw

Study name: Static 1(-Default-)
Plot type: Static nodal stress Stress1
Deformation scale: 1

et St s

PEEK 50N

von Mises (N/mA2)
2.189e+07
1.971e+07
1.752e+07
1.533e+07
1.314e+07
1.096e+07
8.767e+06
6.579e+06
4391e+06
2203e+06

1552e+04




image22.png
PLEAPEB 0 -+ 0@ -3

PEEK 250N ==

8343¢+07

Model name: Gripper Claw
Study name: Static 1(-Default-)
Plot type: Static nodal stress Stress1
Deformation scale: 1

7416e+07
6489¢-+07
5562¢+07
4635e+07
3708e+07
2781e+07
1855€+07
9.278e+06

8875e+03

W




image23.png
PEEAPER- ©-v-OR- T

Model name: Gripper Claw

Study name: Static 1(-Default-)

Plot type: Static displacement Displacement!
Deformation scale: 1

e URES (mm)
Plain Carbon Steel 250N g~
7.150e-01
6.355e-01
5561e-01
4.767e-01
3.972e-01
3.178e-01
2383e-01
1.589e-01
7.944e-02

1.000e-30





image24.png
PERPEB 0-v SR -1

ABS PC50N -

9.168e+00

Model name: Gripper Claw
Study name: Static 1(-Default-)

Plot type: Static displacement Displacement1
Deformation scale: 1

8.251e+00
7334e+00
6418e+00
5501e+00
4.584e+00
3.667+00
2.750e+00
1.834e+00
9.168e-01

1.000e-30

Ny <




image25.png
®

0 Mass Properties - X @ - Flange & Gripper *

Flange & Gripper SLDASM () ® [ ] b @ ]

options, | [onSensor Assembly  Perormance | Curvature Symmetry Body | Compare  Check Active Document
= rtes Visualzation  Evaluation Check  Compare | Documents.
e vinss . s ulation | MBD | SOLIDWORKS CAM BRPEBR-T-»-O@-32-
Incude hidden bodies/components
[Ocreate center of Mass feature
[show weld bead mass

Report coordinate values relatve to:

[Mass properties of Flange & Gripper
Configuration: Default
Coordinate system; - default -

IMass.

IVolume = 67866.63 cubic millmeters.

Isurface area = 30796.20 square

|center of mass: (millmeters )
=797

[Principal axes of inertia and principal moments of inerta:  grams * square m.
[Taken at the center of mass.

[Moments of inertia (grams * square millmeters )
[Taken at the center of mass and aligned with the output coordinate system. (L

Loc = 14099102
Lyc=002
L= 340

Ly =002
Ly = 17612280
Ly=-718

[Moments of inerta:  grams * square millmeters )

[Taken at the output coordinate system. (Using positive tensor notation)
[

196848081
9415061
17084923

Lz = 340
yz=-718
122 = 146320

170849

Iz = 772491,
2z = 592855,

>

Copy to Clipboard





image1.png




image2.png




