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Festo cyber physical production system- goods dispatch process automation development

[bookmark: _Toc105581845][bookmark: _Toc106365024]1.0 Introduction 
This report’s focus is the analysis of a cyber production system that concentrates on the current dispatch process, discovery of new processes, and the analysis of current and proposed methods for the goods dispatch process.  The report examines potential issues which occurred during research phase, and the overall feasibility of the processes discussed. The report will additionally use a variety of analytical tools to show a further understanding of the methods being utilised for the automation development. 
The objective of the project is to design and develop a new goods dispatch process using a mechanical based product. The report will showcase three separate ideas which were designed around different aspect of the “Cobot” and loading bay of the Festo cyber production system. The three ideas peruse the issue using different methods which are discussed during the report. All designs were based off the system which is at place at UWTSD Swansea.  
[bookmark: _Toc105581846]
[bookmark: _Toc106365025]2.0 Findings 
[bookmark: _Toc106365026]2.1 Research
This phase consisted of breaking down the cyber production system and analysing its strength and weaknesses. The initial steps of his process were to visit the plant in person to have a clear understanding of what the problem being faced was and how it should best be combated. With the help of the technicians, Jordan Jenkins, and Richard Morgan of UWTSD this was made possible. To aid finding the correct approach a demonstration was used to showcase the current workings of the dispatch process in place. 
This included:
· Pallet loading 
· Component storage 
· Operation through external devices e.g., Computer
· Conveyor system 
· Cobot delivery system 
· Laser radar (Ladar)
· Laser measurements for quality assurances 
· loading claw 
· loading bay 
[bookmark: _Toc106365027]2.2 Photos of processes
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(Image 1 Pallet Loading)	                                                        (Image 2 Conveyor belt system)
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Description automatically generated]       
(Image 3 Pallet storage)                                          (Image 4 Cobot)
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Description automatically generated]                               [image: A close-up of a server room

Description automatically generated with low confidence] (Image 6 Current grip method)
(Image 5 Cyber production system)          
After receiving the demonstration, it was clear more than one component needed to be addressed or modified to create a more efficient loading and dispatch process. Three designs were created to find the optimal way of loading and dispatching the goods. 

[bookmark: _Toc105581847][bookmark: _Toc106365028]3.0 Curent process 
The current process being utilised by the cyber production system is a pneumatically controlled claw which moves one component from the loading bay at one time. It uses aluminium jaws with two rubber grommets inside either jaw to prevent any damage to the component, and to prevent wear to the soft jaw material. Once the component has been moved from the loading bay it gets moved onto the cobot which sorts all finished goods placing them in storage. 

(Image 6)	                                             (Image 1)                                                      (Image 3)
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[bookmark: _Toc105581848][bookmark: _Toc106365029]4.0 Current issues 

Currently there are issues which are affecting the effectiveness of the goods dispatch system. Firstly, where finished goods are sent and stored. After the demonstration it was found that limited space was available for completed components, the finished goods are currently stored in the same storage as empty pallets, this has a restricting impact on the system as it limits how many components can be made at one time. Secondly the components which are being produced have a slight fault, which is the fitment of the top sector of the component to the bottom. As this can cause the component to come apart if not gripped and transported correctly a new strategy will need to be employed. As a result, the two main components which will be modified are the gripping mechanism and component slideway. 
[image: A close-up of a server room

Description automatically generated with low confidence]  Current gripping mechanism      [image: A picture containing indoor, oven, steel

Description automatically generated] Current slideway 
(Image 6)	(Image 7)

[bookmark: _Toc105581849][bookmark: _Toc106365030]5.0 Proposed ideas 

To tackle the issue of movement from the production system to the cobot three ideas were produced with individual strategies for each one, looking at the pros and cons of each design and using analytical tools to compare the effectiveness within production. The ideas put forward were designed using the information given by R.Morgan and the research done by Esha Chakraborty on robotics. 
[bookmark: _Toc106365031]Design 1 
The first proposed design is modelled to connect to the cobot through a slot in the back. The arrow located on the base of the model indicates the correct orientation for fitment on the cobot or the articulated robotic arm. The two arms on the side of the base are designed to slide underneath the component, which avoids the risk of removing the top piece, damaging the component, and wearing of materials. The tapered arms on the design are designed to ease the components onto the dispatch process. Ideally the arm would retract with the finished goods at a slight angle avoiding them sliding off the front and avoiding the need for additional pieces to contribute towards the process. 
The disadvantages of this method would first reveal itself through the brittle arms on the left and right of the block. Unfortunately, unless the slideway is modified the arms must fit within the gap between the component and the ball bearings which is around 10mm. Due to this the arms could easily chip and breakaway causing damage to the finished products. Additionally, the instability of the product once resting on the arms of the gripper would be a significant issue. If the cobot is unable to manoeuvre without any debris or uneven surfaces affecting it, the chances of the component falling are relatively high. 
The advantages of using this design are having the ease of sliding underneath the finished component, further utilising the cobot and eliminating the use for an additional part on the production system, being cheap to manufacture and replace, and eliminating chances of errors and cutting running costs. It also adheres to specification being mechanically actuated with only one linear motion.











                                       Tapered arms to ease the components onto the device, avoiding any damage. 
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Description automatically generated]  Arrow indicating orientation. (Image 8)
[image: Graphical user interface

Description automatically generated] Fitment to the cobot through a push fit slot for easy interchangability. (Image 9)

The aluminium stop may need to be modified for ease of tranportation. Which will eliminate the need for the cobot the alter it’s height when retrieving goods. 
[image: A close-up of a machine

Description automatically generated with low confidence]  Slot between workpicee and slideway where the two arms will slot in and lift the completed component over the aluminium stop. (Image 10)






[bookmark: _Toc106365032]Design 2 
The second design uses air to clutch the finished components. The advantages of this design are that no materials will wear due to no contact is being made through grips or handles etc, making it one of the most effective strategies to employ. Unfortunately, with the underlying fault of the top and bottom of the component tending to come apart from one another this design would not be feasible under the current circumstance. It also does not correspond with the criteria of the gripper, not being mechanically actuated but pneumatically actuated wit use of spring-loaded pads. 
     Six holes on each side which hold the components using compressed air.
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Description automatically generated]Large spring-loaded pads in the centre to push off finished components into finished goods storage or packaging. (Image 11)
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Description automatically generated]Six tapped holes are used to secure the plate to the cobot, actuated arm, or existing setup on the production system. (Image 12)

[image: A close-up of a machine

Description automatically generated with low confidence] The pads will locate over the top black piece of the product. 
(Image 10)

[bookmark: _Toc106365033]Design 3
The last design utilises a similar gripping method to design one but uses a four-jaw setup for extra stability on transportation. To secure the design onto the articulated robotic arm a solid bar with thread has been used for rigidity, durability, and sturdiness. This will eliminate unnecessary movement and vibration. For the gripper to work relief slots will need to be machined down the sides of the slideway allowing for the four arms to hold the component. 
[image: A picture containing engineering drawing

Description automatically generated]The threaded bar is what will secure the device to the articulated arm or cobot, using an M12 thread for a stronger for durable grip. The solid diameter will help act as clearance to help avoid any electronics getting tangled within the moving parts of the production line. Additionally, the four jaws have a tapered end to help slide underneath the components avoiding damage and material wear on the jaws where the components would have fouled.     (Image 11)
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Description automatically generated] (Image 12 Bottom view of design 3)      
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Description automatically generated with medium confidence](Image 13 Design 3) with revised clamping method for a more secure hold, evenly distributing stress across five points of the component instead of one, which increases the longevity of the product, but also increases the number of unnecessary parts involved in the build process.  
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Description automatically generated with low confidence](image 14)
Markd within the red circles is where modifications would be needed to be made for deign 3 to work. With relief slots 4mm wider than each arm giving 2mm clearance each side, the actuated arm should be able to freely drop down secure the components and succesfully dispatch them. 
[bookmark: _Toc105581850][bookmark: _Toc106365034]6.0 Final design 
After the analysis of the three proposed designs, design 1 with a slight revision would be the most effective to maintain a high production rate whilst being reliable and durable. The changes made include a hinge fitted on the articulated arm and systems goods dispatch process, which allows the component to change its angles affecting the stability when moving the finished goods. This modification lowers the chance of components sliding off the new goods dispatch system, preventing less scrapped jobs and waste in raw materials and resources. The design also includes two dowel holes to ensure a tight accurate fit to the arm or cobot. 
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[image: Graphical user interface, application

Description automatically generated]Attached hinge allowing for manoeuvrability and changing of grip angle for optimum performance. The material used for the design is polished aluminium alloy 1060, which is a soft material, which will avoid any damage to products, the material is easy to machine as it is soft with a Rockwell reading of 40. 
(Image 16)

[bookmark: _Toc105581851][bookmark: _Toc106365035]7.0 Analysis of the final design 
[bookmark: _Toc106365036]7.1 QFD using Lucas’s method
The first analytical tool used was a QFD utilising the Lucas method, the tool gives calculations on B&D design efficiency, a manual handling index, and fitting index for the final design. The result of design efficiency is 40%, followed by a manual handling score of 11.4, and finally a fitting score of 12. 
[image: ]
(Image 17)
[bookmark: _Toc106365037]7.2 Ishikawa diagram
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(Image 18)
The second analytical tool used was an Ishikawa cause and effect diagram for the final design. This diagram is a visualisation tool for categorising the potential causes to a problem. In this example the diagram looks at the different aspects which contribute towards the finished product on the automation production line as shown above. This consists of many attributes from human error, the conveyor system, material selection, and more. 

[bookmark: _Toc106365038]7.3 FMEA analysis
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(Image 19)
The third tool used is an FMEA which is used to evaluate processes for possible failures and flaws and preventing them by correcting the necessary processes rather than reacting to the events after they have occurred. The use of this tool is widely received and an effective improvement method S.Hodge wrote It is a logical, structured way to identify areas of concern while reducing development time and cost. This FMEA highlights the function of each component whilst giving a detailed breakdown of all potential failures and effects of the proposed design and what current process controls are in place. It also gives the process recommended actions which can be utilised when implementing the design in the future. The FMEA works off a points system which indicates to the operator severity, detection probability and occurrence then an RPN number can be produced by multiplying all three together. Severity x occurrence x detection = RPN. 






[bookmark: _Toc106365039]7.4 five why’s
Another tool used was the 5 whys like an Ishikawa diagram it helps show the operator the root cause to the problems either with the component or with the production line. 
Is there a fault in the design?
Will a new grip strategy be more effective?
Why is a new gripper needed?


Can the design withstand a high-volume workload?
Do other components need modifying?




























[bookmark: _Toc106365040]7.5 stress simulation 
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		Simulation of final gripper design

Date: 07 June 2022
Designer: William Holmes 
Study name: Goods dispatch system
Analysis type: Static

	





	[bookmark: _Toc105581852][bookmark: _Toc106365041]Description
1.  A force applied test on proposed transportation system for a festo cyber physical production system. Three designs were modeled and looked upon before deciding to further deign 1 with additional modifications. This design has shown the most promise for hitting all specification criteria, withstanding above and beyond the necessary force limitations, therefore having the best opportunity of succeeding as an improved dispatch design. This is reinforced by Trevilla engineering who stated Stress analysis can result in a better product in terms of design and better stress withstanding capabilities. Adding value to a product is sometimes referred to as value engineering. Material selection is also vital to ensuring the durability of a product.
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Model name: Final gripper design
Current Configuration: Default

	Solid Bodies

	Document Name and Reference
	Treated As
	Volumetric Properties
	Document Path/Date Modified

	Fillet6
[image: A picture containing whiteboard

Description automatically generated]
	Solid Body
	Mass:0.370803 kg
Volume:0.000137334 m^3
Density:2,700 kg/m^3
Weight:3.63387 N

	D:\Uni swansea\design and technolohy\Solid works\gripper idea 1 (slide) revision2.SLDPRT
Jun  7 14:42:12 2022



Comments:
Design 1 which was modified using a hinge system and articulated arm, put through a stress test to show the durability and yield strength of the proposed design. 



	[bookmark: _Toc105581854][bookmark: _Toc106365043]Study Properties
	Study name
	Goods dispatch system

	Analysis type
	Static

	Mesh type
	Solid Mesh

	Thermal Effect: 
	On

	Thermal option
	Include temperature loads

	Zero strain temperature
	298 Kelvin

	Include fluid pressure effects from SOLIDWORKS Flow Simulation
	Off

	Solver type
	Automatic

	Inplane Effect: 
	Off

	Soft Spring: 
	Off

	Inertial Relief: 
	Off

	Incompatible bonding options
	Automatic

	Large displacement
	Off

	Compute free body forces
	On

	Friction
	Off

	Use Adaptive Method: 
	Off

	Result folder
	SOLIDWORKS document (D:\Uni swansea\design and technolohy\Solid works)






	[bookmark: _Toc105581855][bookmark: _Toc106365044]Units
	Unit system:
	SI (MKS)

	Length/Displacement
	mm

	Temperature
	Kelvin

	Angular velocity
	Rad/sec

	Pressure/Stress
	N/m^2






	[bookmark: _Toc105581856][bookmark: _Toc243733144][bookmark: _Toc245020112][bookmark: _Toc245020144][bookmark: _Toc106365045]Material Properties
	Model Reference
	Properties
	Components

	[image: Chart, histogram

Description automatically generated]
		Name:
	1060 Alloy

	Model type:
	Linear Elastic Isotropic

	Default failure criterion:
	Max von Mises Stress

	Yield strength:
	2.75742e+07 N/m^2

	Tensile strength:
	6.89356e+07 N/m^2

	Elastic modulus:
	6.9e+10 N/m^2

	Poisson's ratio:
	0.33  

	Mass density:
	2,700 kg/m^3

	Shear modulus:
	2.7e+10 N/m^2

	Thermal expansion coefficient:
	2.4e-05 /Kelvin



	SolidBody 1(Fillet6)(gripper idea 1 (slide) revision2)

	Curve Data:N/A



. 



	[bookmark: _Toc105581857][bookmark: _Toc106365046]Loads and Fixtures
	Fixture name
	
	Fixture Image
	Fixture Details

	Fixed-1
	
	[image: A picture containing graphical user interface

Description automatically generated]
		Entities:
	1 face(s)

	Type:
	Fixed Geometry




	
	Resultant Forces
	Components
	X
	Y
	Z
	Resultant

	Reaction force(N)
	-8.88365e-05
	0.74248
	-3.85659
	3.92741

	Reaction Moment(N.m)
	0
	0
	0
	0


 



	Load name
	Load Image
	Load Details

	Force-1
	[image: A picture containing text, sky, table, worktable

Description automatically generated]
		Entities:
	4 face(s)

	Type:
	Apply normal force

	Value:
	1 N






Comments:
An anchored fixture was used off the back face of the model. This will replicate how to the design will perform when being tested and used in a high-volume production situation. 



	








	




	[bookmark: _Toc105581858][bookmark: _Toc106365047]Mesh information
	Mesh type
	Solid Mesh

	Mesher Used: 
	Standard mesh

	Automatic Transition: 
	Off

	Include Mesh Auto Loops: 
	Off

	Jacobian points for High quality mesh
	16 Points

	Element Size
	5.16086 mm

	Tolerance
	0.258043 mm

	Mesh Quality
	High



[bookmark: _Toc106365048]Mesh information - Details
	Total Nodes
	15180

	Total Elements
	8730

	Maximum Aspect Ratio
	17.384

	% of elements with Aspect Ratio < 3
	89

	Percentage of elements with Aspect Ratio > 10
	0.447

	Percentage of distorted elements
	0

	Time to complete mesh(hh;mm;ss): 
	00:00:01

	Computer name: 
	







	[bookmark: _Toc105581859][bookmark: _Toc106365049]Resultant Forces
[bookmark: _Toc106365050]Reaction forces
	Selection set
	Units
	Sum X
	Sum Y
	Sum Z
	Resultant

	Entire Model
	N
	-8.88365e-05
	0.74248
	-3.85659
	3.92741


[bookmark: _Toc106365051]Reaction Moments
	Selection set
	Units
	Sum X
	Sum Y
	Sum Z
	Resultant

	Entire Model
	N.m
	0
	0
	0
	0




	[bookmark: _Toc243733151][bookmark: _Toc245020119][bookmark: _Toc245020151][bookmark: _Toc106365052]Free body forces
	Selection set
	Units
	Sum X
	Sum Y
	Sum Z
	Resultant

	Entire Model
	N
	-0.0045206
	0.00179629
	-0.00334926
	0.00590593


[bookmark: _Toc106365053]Free body moments
	Selection set
	Units
	Sum X
	Sum Y
	Sum Z
	Resultant

	Entire Model
	N.m
	0
	0
	0
	1e-33







	[bookmark: _Toc105581860][bookmark: _Toc243733152][bookmark: _Toc245020120][bookmark: _Toc245020152][bookmark: _Toc106365054]Study Results

	Name
	Type
	Min
	Max

	Stress1
	VON: von Mises Stress
	3.180e+02N/m^2
Node: 14443
	1.936e+06N/m^2
Node: 14015
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Goods dispatch system-Stress-Stress1



	Name
	Type
	Min
	Max

	Displacement1
	URES:   Resultant Displacement
	0.000e+00mm
Node: 5
	3.889e-03mm
Node: 91
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Goods dispatch system-Displacement-Displacement1



	Name
	Type
	Min
	Max

	Strain1
	ESTRN: Equivalent Strain
	3.997e-09
Element: 3065
	1.766e-05
Element: 2983
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Goods dispatch system-Strain-Strain1
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	Image-1








	[bookmark: _Toc106365055]Stress report conclusion


To conclude, the design in question has been tested using forces far stronger than production showing the durability and longevity of the design being used in a high work volume situation. The stresses this design will endure during production will not be as unrelenting or have such a large impact on the structural integrity of the material. With these results it is clear the proposed design will be capable of withstanding the pressure and repetitive load it will have to endure to be an effective dispatch s

[bookmark: _Toc105581861][bookmark: _Toc106365056]8.0 Recommendations & conclusions 
In conclusion, three designs were suggested to find an alternative to the existing dispatch process on the production line. Prior to this change the current process was unable to combat high volume production due to its restrictive design of transporting one completed item a time. Which in turn contributes to the loss of earnings for the company, which impacts loss of earnings, the ability to increase profit therefore worsening the working environment.
It is recommended that the final proposed design 1 is put through a trial run, with all the collected data and all analysis tools utilised during the creation of the final design it is expected that the gripper idea for the Festo cyber physical production system will work effectively and become an improvement upon the existing model. Paired with the modifications making it durable and capable of handling high volume production rates, also requiring the least amount of modification to the existing setup on the production line. With no alterations needing to be made to the phone slide making the change process cheaper with less resources wasted.



9.0 [bookmark: _Toc106365057]Reference list

1. W. Holmes (2022) FESTO production images (Images 1-7) [Self-sourced], Accessed June 2022


2. W. Holmes (2022) FESTO production images (Images 10-14) [Self-sourced], Accessed June 2022

3. W. Holmes (2022) Solid works model images (Images 8,9,11,12,15,16) [Self-sourced], Accessed June 2022


4. W. Holmes (2022) QFD Diagram (Image 17) [Self-sourced], Accessed June 2022


5. W. Holmes (2022) Ishikawa Diagram (Image 18) [Self-sourced], Accessed June 2022

6. W. Holmes (2022) FMEA Analysis (Images 19) [Self-sourced], Accessed June 2022

7. UWTSD (2022), R.Morgan, Analytical tools [online source] Accessed June 2022
https://teams.microsoft.com/_?culture=en-gb&country=GB&lm=deeplink&lmsrc=homePageWeb&cmpid=WebSignIn#/school/FileBrowserTabApp/General?threadId=19:F4kpQBtUpm3HoxHcPa-FJxuHyjwrapp3Z3JQQJHshe41@thread.tacv2&ctx=channel

8. W. Holmes (2022) FESTO production stress analysis (Pages 12-21) [Self-sourced], Accessed June 2022

9. Trevilla (2022), Finite element analysis (FEA) [online source] https://trevillaengineering.com.au/finite-element-analysis-fea-in-engineering-all-you-need-to-know/ Accessed June 2022

10. S.Hodge (2014) Understanding FMEA, its benefits and pitfalls [online source] https://www.sixsigmadaily.com/understanding-fmea-benefits-pitfalls/#:~:text=The%20FMEA%20procedure%20is%20a,reducing%20development%20time%20and%20cost. Accessed June 2022



11. E.Chakraborty (2022) Robotic arm design and how does it work [online source]
https://lambdageeks.com/robotic-arm-design-types-applications/
Accessed June 2022.
















2

image2.jpeg




image3.jpeg




image4.jpeg




image5.jpeg




image6.jpeg




image7.jpeg




image8.png
Fsouoworks » D -F-B-S2- ™ - .. @ - SR ipperidea 1 (lide) [ sesrcn Commancs A l®® - & x

€ 9 P swentsormme B @ @ Bsetcr @ B Jro G we N )

s ok R ) umeaca | P L @ o (9 e | s
@ Boundary Bossmase . @ sounsayct | . . (W sher B mimor -

EEPT Yy &

@ B gripperidea 1 (slide) (Default<<L|
> (@ History
[5) sensors
> ) Anotations
» @) Solid Bodies(1)
5 Materal <notspecied>
] Front Plane
] Top Plane
[H] Right Plene
L, orgin

®
i

ﬂ? x
< >

TIEIEI Model [ 30 Views | Wiotion Study 1 |
SOLIDWORKS Education Edition - Instructional Use Only. Tosk View

Editing Part MG - &




image9.png
Fssouoworks v A D-F-B-2-m-c-[5l-8 @ - gripper idea 1 (side) [ searcn Commanas A @ @ - & x
@ O O sweptoosmse B @ W B @ B Hro 6w W 5
S S B e S 8, " O s 50 o [0 e S O [0
@ Boundery Bosyse . @omaoyct | - - @ B | - . R
Features | Sketch | Markup | Evaluste | MBD Dimensions | SOLDWORKS Add-ins | Simulation | M8D | Autodesk CFD 2021 | SOLIDWORKS CAM, | SOLIDWORKS CAM TBM | Analysis Peparation 90 _ & x
5 ] PLERPBEEB-T- v SR -T-
@ Ble €]

\d
@ B gripperidea 1 (slide) (Default<<L|
> i History

£3) sensors

Annotatons
> [®) Solid Bodies(1)
855 Material <not specified>
1 Front Plane
] Top Plane
) RightPlane
L., origin
@) Boss-Batruder
@) Boss-Brrude2
@) Boss-Barudes
[ cut-bxrucet
D
Pries ]
» @ Cut-bxtruded
D riles
» (@ Cotbarudes

D Files

gripperidea 1 (slide)

- -

I Model [ 3D Views | Motion Study T |

< >

SOLIDWORKS Education Edition - Instructional Use Only Editing Part MMGS - G




image10.jpeg




image11.png
Fsouowores > A D -F-@-8-m - -[5]]0 @ - suctionidea2 [ search Commands Aal®@® - & x

@ O P swentsosmse @ @ Bt @ R e @ we w

Exruded Revolved Bdruded Hole Revolved Filet  Linear o Reference Curves
Cossfome Dovsfimse & toftedBosmse OGRS ToL RO O totea cin Fatern B Orat 2 intesect | GO

@ Boundary BossBase . @ soungarct | - < (W shen B winor .. o
Features | Sketch | Markup | Evaluate | MBD Dimensions | SOLDWORKS Ade-ins | Simulaion | M8D_| Autodesk CFD 2021 | SOLIDWORKS CAM | SOLIDWORKS CAM TBME | Anabsi Preparation 0.5 x

CHEB- 0 v - S@-3-

@ Rle&[& ]
7

@ B sucton idea 2 (Defou<<Default
> i) History

) sensors

Annotations
[®) Solid Bodies(1)

£55 Materil <not specified>
[t Front Plane

[] Top Plane

[t Right Plane

1., origin

@) Boss-Extrucen

@) Boss-Extruded

@ Filen

Cut-Bxtrude2

@ File

Cut Bctrude3 ]
@ Files

Cut-Extruded
@ Files
Cut-Bctrudes
@ Filess

(8) Thread!

(8) Thresd2

(8 Thread3

(8) Threads

(8) Threads

(8) Threads

< >

TOEIRI Model [ 3D Views | Motion Study |
SOLIDWORKS Education Edition - Instructional Use Only. Editing Part MMGS - @





image12.png
s souoworks >

@& 0-

® -

suction idea 2 *

B Scarch Commands.

QA l® @ - & x

@ O P sweptboss/pase

Dirudes Reroned B Lottea sosyome

@ soundary BosyBase

&@-8-
L2

n-c M0 B @-
dw Bww | P Yy

B swotct | @8R
RN () gt P U ) o ) e RSEenGE Cunes
W shet B winor -

Features | Sketch

Markup | Evaluate

MBD Dimensions

. @ somaaycn | . -
Autodesk CFD 2021 | SOLDWORKS CAM

'SOLIDWORKS Add-ns | Simulation | MBD.

'SOLIDWORKS CAM TBM | Analysis Preparation

¢ BRI S[€

@ B suctionidea 2 (Default<<Defaut
> (@ History
[5) sensors
F) Annotations
u@ww‘)
£ Materisl <not specified>
] Front Plane
] Top Plane
[H] Right Plene
L, origin
@) Boss-Extrudel
@) Boss-Extruded
@ Filent
> @ Cutbxude2
@ File
> @ Cutbxrudes
@ Files
> (@ CutExtrudes
@ Files
> @ Cutbxtrudes

@ Fillts

Lo &

< >

-

PLERPBEEB-T- v SR -T-

‘words for hold - Google Search - Google Chrome

oo_gx

TIEIEI Model [ 30 Views | Wiotion Study 1 |

SOLIDWORKS Education Edition - Instructional Use Only

Editing Part




image13.png
s souoworks >

60

INIEEER

outside gripper idea 3

B Search Commands

QA ®® - & x

@) O P sweptboss/pase
S B R s
@) Boundary BossBase

&@-8-
28, @

RSN () Lot ot

@) Boundary cut

@ B Jre @we W
Flet Unest @ prat G ntersect

8 shen B wimor

P

Reference Curves
Geometry

Features | Sketch | Markup | Evaluate | MED Dimensions

'SOLIDWORKS Add-Ins

Simulation

MBD_| Autodesk CFD 2021 | SOLIDWORKS CAM

'SOLIDWORKS CAM TBM | Analysis Preparation

% B¢
\d

@ B outside gripper idea 3 (Default<<|
> (@ History

3 sensors

2 Annotations

[8) sold Bodiestt)

£33 Material <not specifed>
[ Front Plane

[ Top Plane

({1 Right Plane

i

n
|

¢
( :

TIEIEII Model [ 30 Views | Wiotion Study 1 |

PEAIPEB - v OB -

oo_gx

BENEED

@

SOLIDWORKS Education Edition - Instructional Use Only

Editing Part




image14.png
@ O P swentsosmse B & @ Bt @ I Jro @ we w

Brruded Revolved Edruded Hole  Revoied et Linear = Reference Cunes
Dtuded Reobed B oneqposgmase | voled (5] Lotea cut D ot (91 imersect

Fsoowores » A D-H-B-8-9- -8 B®- Y s grpperiseas Bsernconmman: Q| @ @ _ & X
X
nstansn

wt o Wizard Pattern. Geometry

@ Boundary BossBase . @ soungarct | - < (W shen B winor .. o

tesures [ | | it W80 Dimenins | SOLOWORE e | St | W80 | Aodk o 221 | SOUOWORES Ca | SOLDWORSS CA T | e Pt I
: 5 PEIPRB U v SR -3-

IR

v

@ B ouside gripperidea (Defauit<<

» [ History

) sensors

Annotations
[®) Solid Bodies(1)
855 Material <not specified>
1] Front Plane
1] Top Plane
1] Right Plane
L., orign
@) Boss Extrude2
@) Boss Extrudes
T sketeh?
T sketch
> @) Boss-Extruded
T sketehio ]
@ Fillen
@ Fite2
@ Files
@ Filles
@) Boss-Extrudes
@) Boss Extrudes
Threadt
@ Filess
@ Cut-Extrudet

D Filer

.

< >

TRITT70] Model | 3D Views | Motion Study 1 |
SOLIDWORKS Education Edition - Instructional Use Only Editing Part MMGS - G





image15.png
Fssouoworis v AD-H-@-8-n-c - [B]/8 B®- Y s orvperae 3 revision2 Bsernconmman: Q| @ @ _ & X
@ L swentsossmse B & @ Bowct @ B JHro & we °m

X
Exruded Revolved Bdruded Hole Revolved Filet  Linear c Reference Curves | Instant3D
Cossfome Dovsfimse & toftedBosmse OGRS ToL RO O totea cin Fatern B Orat 2 intesect | GO

@ Boundary BossBase . @ sounsayct | . . (W sher B mimor - &

eatures [ Sketch | Morkup | Evaluste | MBD Dimensions | SOLIDWORKS Add-Ins | Smuation | MBD_| Autodesk CFD 2021 | SOLIDWORKS CAM | SOLIDWORKS CAVITBM | Analyss Preparaion 00 - & x
- 5 PEAPEB U v R T-

% Bl& <

v

@ B outside grpper idea 3 reviion

» [ History

) sensors

Annotations
[®) Solid Bodies(1)
855 Material <not specified>
1] Front Plane
1] Top Plane
1] Right Plane
L., orign
@) Boss Extrude2
@) Boss Extrudes
T sketeh?
T sketch
> @) Boss-Extruded
T sketehio ]
@ Fillen
@ Fite2
@ Files
@ Filles
(@ Cut-Extrudes
(8) Threads
(8) Threads
(8 Threads
(8 Thread?
(8) Threads

-

¥

< >

TRITT70] Model | 3D Views | Motion Study 1 |
SOLIDWORKS Education Edition - Instructional Use Only Editing Part MMGS - G





image16.png
Fssouoworks v A D-F-B-2-m-c-[5l-8 @ - gripper idea 1 side) [ searcn Commanas A @ @ - & x
@ O O sweptoosmse B @ W B @ B Hro 6w W 5
S S B e S 8, " O s 50 o [0 e S O [0
@ Boundery Bosyse . @omaoyct | - - @ B | - . R
Features | Sketch | Markup | Evaluste | MBD Dimensions | SOLDWORKS Add-ins | Simulation | M8D | Autodesk CFD 2021 | SOLIDWORKS CAM, | SOLIDWORKS CAM TBM | Analysis Peparation 90 _ & x
5 ] PLERPBEEB-T- v SR -T-
@ Ble €]

\d
@ B gripperidea 1 (slide) (Default<<L|
> i History

£3) sensors

Annotatons
> [®) Solid Bodies(1)
855 Material <not specified>
1 Front Plane
] Top Plane
) RightPlane
L., origin
@) Boss-Batruder
@) Boss-Brrude2
@) Boss-Barudes
[ cut-bxrucet
D
Pries ]
» @ Cut-bxtruded
D riles
» (@ Cotbarudes
Dritess
» @ Cut-bxtruded

D Files

~

TRITT70] Model | 3D Views | Motion Study 1 |
SOLIDWORKS Education Edition - Instructional Use Only Editing Part MMGS - G





image17.png
Fsoupworks b D -F-E-5D- = -

i i

® B - design 1 assembly final * Search Commands Q- @ ®

- =

&S

onent Components

BB &

Edit Insert Mate Component Linear Component  Smart
Preview Pattern Fasteners Component
Window

£

Move

&
Show
Hidden

Components

L g L4 =
® @ B e | W N &
Assembly Reference New | Bill of  Exploded Update Take  Large
Features Geometry Motion Materials ~ View SpeedPak  Snapshot Assembly

Study . Subassemblies Settings

Assembly | Layout | Sketch

Markup | Evaluate | SOLIDWORKS Add-Ins

Simulation

MBD

SOLIDWORKS CAM

°

B &n

-
) Sensors
» [ Annotations

[ Front Plane

[ Top Plane

[ Right Plane

1, origin
» & @ () hinge slot<1>
» & @ () hinge slot<2>
» & @ () hinge pin<1>
» & () gripper idea 1
> ‘ ’ (f) arm attachmer
> ‘ ’ (f) arm attachmer
> ‘ ’ (f) arm attachmer
~ 0 Mates
[ Hinge2 (hinge sic
(©) concentrics (hinc
A Coincident1 (hing
A Coincident10 (hir
A Coincident15 (hir

~

PLENEAH U »- QR -

I
0] Model [ 3D Views

Motion Study 1

SOLIDWORKS Student Edition - Academic Use Only

Under Defined  Editing Assembly

MMGS -+

@





image18.png
@ Autosave @ off) [H

DFA on design 1 - Saved ~

File  Home Insert Pagelayout Formulas Data Review View Help I Comments

D~ ["—"1 X Calbri Jn JA A == E] o 2 General v [ Conditional Formatting v EH Insert v > v é? /C)

¢ poste LB ¥ . _ R BB~ % 9 [FromatasTablev Woelete v ¥ song Fnda  Anayse

O = = = 9 % 7 Cell Styles v [H Formatv & v Filter~ Select~ Data

Undo Clipboard & Font [ Alignment [ Number [ Styles Cells Editing Analysis g

B1 v fr B&D Design Efficiency v
A B C D E F G H I J K L M N o P Q o
1 B&D Design Efficiency Lucas Method (Manual Handling Index) Lucas Method (Fitting Index)
2 Essential 4
3 Non-essential 6 Process Step A B C D
4 Design Efficiency % 40 1- insert screws to slide 4 0 0.7 0
5 Essential Non Essential A B C D Total 2- secure slideway to plate 4 0 0 0
6 cobot 3 screws to secure slid 1 0 0.1 0.2 1.3 3 - insert ball bearings 1 0 0.7 0
7 pallet holder 3 ball bearings 1 0.2 0 0 1.2 4-attach hinge to centre piec 1.3 0 0 0
8 componentslide ¢ solid centre piece 1 0 0.1 0.2 1.3 5- attach centre piece toarmr 1.3 0 0 0
9 ball bearings 3 pallet 1 0 0.1 0.2 1.3
10 claw 3 pallet holder 1 0 0.1 0.2 1.3
11 pallet o phone component 1 0 0.1 0.2 1.3
12 ladar system 3 hinge 1 0.2 0 0 1.2
13 solid centre piece ¢ hinge pin 1 0.2 0.1 0.2 1.5 Total 12
14 hinge 3 articulated arm 1 0 0 0 1
15 articulated arm o
16 hinge pin
17
18
19 Total 114
20 -
Sheet1 @ 4 »

Ready % Accessibility: Investigate El H -—&——+ 100%

A

£ Search (Alt+Q)

witam @) &





image19.png
AutoSave

William Holmes (20

Fle  Home Inset Draw  Design
& cut Calibri (Body)  + 14
paste. B CoPy
v S Fomatpanter | LB] T Y- ® %
Clipboard ]
Pageiof1 STwords [R English (United Kingdom)

layout  References  Mailings  Review
AR Ra B

(A 2-A-EO

Font 5

|

ISHAKAWA / CAUSE & EFFECT DIAGRAM For Final De:

Cobot/articulated arm

Material

View Help RCM  Acrobat = Comments & Share
a 3] | Prind ~
2L 9 | | aasbcenc| asBbeee AaBbC( AaBbcct AQB  assbeer acsbeene aasbeene o (N 8_.~ [Q
T TNomal |TNoSpac.. Heading Heading? — Tele  Subtile Subtlem.. Emphasis : Cresteand Share Request | Dicate | Editor | Reuse
- a g g " Iy select~ | " adobepDF  Signatures Files
Paragraph 7 syies 5l citing Adobe Acrobat Voice | Editor | Reuse Files ~
Conveyorsystem | [y
slideway
underneath Ball bearings
sensors Speed of _ Lubrication )
Size/
motors
clearances
Surface smoothness Slide angle
Problem
Incorrect Arm angle
tolerances Missing
. Incorrect components
Aluminium
; program
wears easily, Lackof
not durable Incorrect b
fitment.

Final design

Human

[

I Focus





image20.png
FMEA final design ~ P Search (Alt+Q) 0 Wiliam Holmes 7215755) W) &

Insert  Pagelayout  Formuls  Data  Review  View

Ie\; LoadTest  Acrobat  Team © congggents 5 Spy

s , Autosum ~ r
s il o - =9 | BwapTen General . 7 [tomal Bad Good Neutral =B ERE |z Ay f
@ Copy ~ — - Fil~ I
I U~ . Merge & Center ~ | T8~ % 9 | 3 8§ | Conditional Formatas [Calculation Explanatory ... Followed Hyp . (5| | Insert Delete Format Sort& Find& | Analyze
< Format Painter = Formatting + Table > PR @ Clear~ Filter v Select~ | Data
@z 5 Font 5 (S 5 Number 5 styes cens ating e &
Mas - fo v
L w weeam st w v w % vz s s s s s s mm ma m aw m s s
s
o o tion Results.
3 Potential|  Potential |5 1| Potential Cause(syt [o|  Current e | B | Recommented| " oRonzibilit|  Action Resul
Function | Failure | Effect(s)of |e a| Mechanismis)of |o| Process C [P |Rerommended] Yot e SCER
Mode Failure. v|s Failure. u| Controls e N etion(s) ompletion | Actions | | ¢ | | p |
fark ameick | (el | o ispaicn | 10| |deeotswithin e systm | 3 leanat 2 | o [mooeduesto maienance | 7| 12| 1
et station manufacturing check. ‘schedueling
s e e om Too much vibrationst PR Inspetthe. “detectionto
Motrtpuly | nabl e st 6| dtubances dung | 4|3 L 5| 72 | mauactng e have ataizae | 5| 3| 5 75
P |redeed manusactuingprocess o v cosely i safe warking
sctusorcabe atershort (17305 OP" | g |cablisnotpieined | ¢ oitocableupon | 9 | 268 [inedcable.ona dente Lol 1] 1]«
i
Cross. ‘:::‘:2::‘;’:;( Al holes should @A section
slder fastering 195 | g S 5| |Tresdquaitydueta | eperater A g0 [be 08 checked intoducedor | o 41| o
2 the arm plate relased fine
erone et
ppedrois |(oTESEd|vehodamaedt, | g [iconen osiser st | Pearter s | s |Sekotoniom entecognising| | 1| 10| &0
o operators. programs.
o
bots bt |rotbeetete | T unentosening | '{faseningatbots| 2| ™ [conecttihien wenchortne | 7| 1% 0
5
.
s
®
s
®
i
%
g
B H
£ &
Data Entry ‘About This Template [T 1 D]
Ready





image21.jpeg




image22.jpeg




image23.jpeg




image24.jpeg




image25.jpeg




image26.jpeg




image27.jpg
Model name: gripper idea 1 (slide) revision2
Study name: Goods dispatch system(-Default-)
Plot type: Static nodal stress Stress1
Deformation scale: 3,755.22

von Mises (N/mA2)
1.936¢+06
1.743¢+06
1.549+06
1.356¢+06
1.162¢+06
9.683¢+05
7.747¢+05
5.811e+05
3.875¢+05
1.939%+05

3.180e+02

— Yield strength: 2.757e+07
SOLIDWORKS Educational Product. For Instructional Use Only.




image28.jpg
Model name: gripper idea 1 (slide) revision2

Study name: Goods dispatch system(-Default)

Plot type: Static displacement Displacement1

Deformation scale: 3,755.22

URES (mm)
3.889¢-03
3.500e-03
3111e-03
2.722¢-03
2.333¢-03
1.945¢-03
1.556e-03
1.167¢-03
7.7780-04

3.889¢-04

1.000e-30

SOLIDWORKS Educational Product. For Instructional Use Only.




image29.jpg
Model name: gripper idea 1 (slide) revision2
Study name: Goods dispatch system(-Default-)
Plot type: Static strain Strain1
Deformation scale: 3,755.22

SOLIDWORKS Educational Product. For Instructional Use Only.

ESTRN

1.766e-05

1.589-05

1.413e-05

1.236e-05

1.060e-05

8.830e-06

7.065e-06

5.300e-06

3.535¢-06

1.769e-06

3.997e-09




image30.jpg
Model name: gripper idea 1 (slide) revision2
Study name: Goods dispatch system(-Default)
Plot type: Static nodal stress Stress1
Deformation scale: 3,755.22
von Mises (N/mA2)

1.936e+06
1.743e+06
1.549e+06
1.356e+06
1.162e+06
9.683e+05
7.747e+05
5.811e+05
3.875e+05

1.939%+05

3.180e+02
SOLIDWORKS Educational Product. For Instructional Use Only. ¢

O e R r 11 e i wEnars




image1.jpeg




