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[bookmark: _Toc106399886]introduction
[bookmark: _Int_y83yICgc][bookmark: _Int_X4fTDnxr]Festo, an industrial control and automation manufacturer intends to incorporate a cobot within the cyber-physical production system located at University of Wales Trinity Saint David, to optimise and synchronise the manufacturing process further. This production system is used to demonstrate a very simple mobile phone manufacturing process including robotic assembly and quality checks. 
The laboratory consists of two main stands:
· Inventory and Robot assembly
· Assembly and dispatch station
[bookmark: _Int_nnvcG6Ym]These two stands are not connected via a conveyor belt which is otherwise used in the manufacturing process to transport the goods within the sectors, but an Autonomous Guided Vehicle (AGV) is used to achieve an efficient use of floor space and promote automation.
[bookmark: _Int_wRbfqaz9]The cyber physical side of the production systems is optimised with the use of a software called Manufacturing Execution System (MES) which enables communication between the stations and allows easy access to management, production planning and logistics.
This report consists of designing and developing of a robot gripper which will be used for unloading assembled products from the dispatch station, then loading them on the AGV which will then transport the finished goods to the inventory. Below are listed some design requirements set:
· The design solution must be suitable for high-volume manufacturing
· Mechanical actuation should be assigned to the gripper 
· Sturdy design must be achieved to withstand sustainable use in a production environment.
In the report Design for Assembly (DFA), Design for Manufacture (DFM) and Poka-Yoke principles were adopted and use of tools like Quality function deployment (QFD) and Design failure mode and effect analysis (DFMEA) was made to full capabilities. 
Inventor Professional 2022, a CAD software was used for producing 3D models of the gripper, as well as performing digital stress analysis of the same.


[bookmark: _Toc106399887]Designing the UR3 compatible gripper
When deciding on what kind of gripper to use multiple ideas where developed. Knowing that the gripper must be mechanically actuated two main designs were developed:
1. [bookmark: _Int_D5dtYrVT][image: ]A design similar to Grab Forks (Figure 1), so this design would work by having two forks which would fit underneath the phone and have a grabber fork actuated on a double acting cylinder to ensure secure clamping. But one of the biggest problems of this design was encountered when loading the phone on the AGV, as the robot would have to come to a stop in an inclined position when the phone is being placed it might not land square on the conveyor belt or due to harsh loading the phone might come apart.


[bookmark: _Ref106370857]Figure 1 – Picture of a grab fork, https://www.agriquip.co.uk/images/products/mf-grip/agriquip-manure-fork-with-grip-cumbria.jpg


2. [image: ]The second design (Figure 2) was inspired from the current grabber located by the dispatch station, this current grabber lifts the finished goods and stacks them on the dispatch base plate. There are many advantages to this current design:
a. Compatible wi (Agriquip, 2022)th current equipment - as the current gripper is driven by the pneumatic air supply and the Programmable Logic Controller (PLC) is in place, the addition of this new gripper should be an easy task to achieve.
b. Secure clamping, as this style of gripper holds the phone from the two sides, the phone is secure and the risk of disassembling the goods is removed.
c. The Cobot UR3 will be programmed to load the goods on the AGV square and lined up according to the conveyor belt to ensure that it can transport the goods successfully to the inventory. [bookmark: _Ref106354992]Figure 2 – Complete Design Assembly

d. Goods will be placed very gently on the conveyor belt thanks to the side gripping style which results in better quality product, reduced damage, and a sophisticated and efficient production process.
e. Product will not be marked or dented as material used to grip the phone will be softer than the material of the phone itself.

One of the biggest goals for the design was to make the gripper as light as possible to ensure no additional mass is attached to the UR3 robot, but it also had to be sturdy enough to run in a production environment. So, Aluminium 6061 – T6 has been assigned as the material for the gripper jaws.
One of the major parts of this design is externally sourced, this is the 8116731 DHPC-20-A-S-2---(highG) Parallel gripper. This was used because of the previous availability of Festo products on the stand and easy implementation. Festo supplied many specifications for this gripper which are available on:
https://www.festo.com/media/pim/903/D15000100151903.PDF
But below is a summary of specification to the interest of this report:
	Specification
	Value

	Maximum mass per gripper finger
	450 grams

	Type of Mounting
	Through hole and Dowel Pin

	Minimum operating pressure
	1 bar

	Maximum operating pressure
	8 bar

	Gripping force at 6 bar per jaw
	Opening 96.3N
Closing 79.8N

	Gripping force at 4 bar per jaw
	Opening 65.0N
Closing 55.0N

	Gripping force at 2 bar per jaw
	Opening 15.0N
Closing 13.0N


A UR Extension plate is also designed, which holds the gripper assembly (Figure 2) securely on the UR3 Cobot. Grabber adapter is designed to hold the gripper jaws on the Festo gripper’s fingers, and the grabber pins are designed to grip the phone safely without damaging it, these are mounted on the gripper jaws.
[image: ]A modification was also made to the base plate of the dispatch section of the stand to accommodate the gripper. This can be better seen in Figure 3. This modification allows the grabber pins mounted on the gripper jaws to fit in the machined cut-out and securely clamp the phone to lift it and place it on the AGV.[bookmark: _Ref106388531]Figure 3 – Dispatch station base plate

[bookmark: _Int_Jk5GlgyB]Two videos have been compiled to better represent the assembly of both the base plate and Festo gripper. The videos have been attached in the report but if in case of technical issues they cannot be accessed they can be  watched from the following links on YouTube.
[bookmark: _Hlk106389147]https://youtu.be/u-vl-xd1OOk 
https://youtu.be/YkhhESrrU_k 
[bookmark: _Toc106399888]Presentation assembly videos
[image: Base plate presentation][image: Festo Gripper Presentation]

[bookmark: _Toc106399889]Assembly parts table 
There are many parts to the complete assembly as shown in the table below:
	ITEM
	QTY
	PART NUMBER
	DESCRIPTION

	1
	2
	Grabber Jaw
	Strengthened Grabber 

	2
	4
	Grabber Pin
	Nylon Grabber Pins

	3
	2
	Grabber Adapter
	Grabber Adapter for 811964 Handle and Grabber 

	4
	1
	UR Extension
	Adaptor for Cobot and Assembly Design

	5
	1
	8116731 DHPC-20-A-S-2---(highG)
	DHPC (G)-Parallel gripper

	6
	2
	8111964 DHPC-20-A-2---(high)
	DHPC (Griff)-Handle

	7
	1
	Arm3^UR3 Assembly
	Cobot Assembly

	8
	4
	ISO 4762 - M4 x 12
	Hexagon Socket Head Cap Screw

	9
	4
	ISO 4762 - M6 x 10
	Hexagon Socket Head Cap Screw

	10
	2
	ISO 4762 - M5 x 35
	Hexagon Socket Head Cap Screw

	11
	4
	ISO 4762 - M8 x 16
	Hexagon Socket Head Cap Screw

	12
	2
	ISO 8734 - 4 x 12 - A
	[bookmark: _Int_Zv2MNvzo]Parallel pins of hardened steel and martensitic stainless steel (Dowel pins)




[bookmark: _Designing_the_Gripper][bookmark: _Toc106399890]Designing the Gripper jaws
One of the main parts of the Assembly is the gripper jaw, this is where a lot of effort was put in place to minimise the deflection, this component has had 3 main design versions as listed below:
1. [bookmark: _Int_7SpNgrgd][image: ]Simple grabber geometry (Figure 4), this design consists of a very simple geometry which serves an extremely specific purpose, to grab the finished products effectively while having a manufacturing friendly design. This design can be machined as per the requirements set in the QFD or it can be manufactured from sheet metal which would result in a competitive manufacturing cost.


[bookmark: _Ref106397129]Figure 4 – Simple Grabber jaws



2. [bookmark: _Int_KlCKYN0n][image: ]Added lightweight features (Figure 5), this requirement is essential to ensure that there is no unnecessary forces or masses applied and attached to the UR3 Cobot. Also, by reducing the weight there is less maintenance required on the Cobot. This design facilitates the ability of the jaw to be machined or made from sheet metal. But one of the disadvantages to this design is that there is a loss of crucial strength. 



[bookmark: _Ref106397168]Figure 5 – Grabber jaw with lightweight features


3. [bookmark: _Int_DmzjRysM]Strengthening Ribs added to the design, this design was developed to advance the strength of the solid part. As seen in the Figure 6 this design incorporates strengthening ribs which ensures that mechanical stress and deformation is spread evenly throughout the part. It can be notices that there are no sharp edges on the part, this is to ensure that any weak point prone to fracture is removed from the design. Unfortunately, due to the added ribs in the design this product can only be manufactured on a CNC machine which increases manufacturing costs. The optimal manufacturing method for this would be use of a 5 axis CNC machines which can machine the component in one setup at optimal tolerances. As the only manufacturing method for this design is CNC machining this does not promote sustainability as much as the other two designs, because of the excessive waste of material. 

[image: ]This solution was designed by considering the manufacturing method, as explained before this will be manufactured on a CNC machine and to make this process easier it has been ensured that not one slot or hole in the design is smaller than 3mm. This is to ensure that the programmers can use a 2mm end mill to machine the component, also it should be noted that the slots do not have a depth higher than 6mm, the reason behind this is: the 2mm end mills usually come with a flute length from 4 to 9mm which means that any higher value would force the manufacturer to order special tooling which would cause unnecessary increase in manufacturing cost. [bookmark: _Ref106371615]Figure 6 – Final design of Grabber Jaw




[bookmark: _QFD][bookmark: _Toc106399891]QFD
[image: ]The QFD (Appendix 1) evaluates the demanded quality against the quality characteristics, the demanded quality is the external and internal customer requirements, the quality characteristics are the functional requirements of the product which will help meet the customer demands. The functional requirements are set to make sure that the products cover all the customer requirements.
As shown in Figure 7 the demanded quality section is filled with the relevant customer requirement. There is also need to indicate the importance of the requirements of the customer, this is indicated from 10 (Extremely Important) to 0 (Not Important).
Demanded qualities are discussed below:
· No damage to phone - it is very important that the gripper designed doesn’t damage the phone in any manner, so a use of soft materials is a must.
· Minimum deformation of parts – The parts should have minimum deflection to ensure reliability in production environment and reduced risk of fatigue failure.
· Compatibility with the current equipment – this demand of quality would ensure a hassle-free addition of the new design into the current equipment.  [bookmark: _Ref106346436][bookmark: _Ref106353921]Figure 7 – Demanded Quality Section of the QFD

It can be seen from the Figure 7 that reliability and quality of finished product has been prioritised, because highest importance has been given to No damage to phone, Phone to be assembled after pickup and Reliable design.
In the Figure 8 the quality characteristics are shown, these are set to ensure that all the customer requirements are followed. Some of the main characteristics set are:
· Regulated air pressure – as there is need to ensure that no unnecessary fatigue stress and mechanical stress is applied it is important to ensure that the air pressure is regulated, this will ensure that only the optimal required force is applied on the gripper handle. These characteristics meet very well with the customer requirement of reliable design, compatibility with the current equipment and no damage to the phone. 
· Use soft material to grip the product – to ensure that the finished goods are not damaged, it is imperative to ensure that the material used to grip the phone is softer than the material of the phone itself. Also, a softer material provides damping and compressing properties which will help in minimising the deflection of the grabber handle hence improving reliability.
· Standardised spare parts – It is very important to incorporate a many standard parts in the design as possible to enable easy access in case of breakdowns and cost effectiveness of the implementation. 
The Quality characteristics need target or limit values to ensure that the customer requirements are followed correctly. In this section there is need to indicate the difficulty level that there is going to be when trying to achieve the target from 0 (easy to accomplish) to 10 (extremely difficult) then the weight/importance for each quality characteristic is calculated.
[image: ]To explain this step further, the limit value of ‘Grip the phone from the side’ characteristics can be used. As seen the minimum width has been set to 110.00mm for the gripper, the phone’s width is 114.00mm which means that when the gripper is in open position it should be more than 114.00mm and when it closes it should at least have a closing width of 110.00mm to ensure that the phone is held securely. 
A maximum displacement value for the gripper has been se to 2mm which ensures safe clamping of the finished products. [bookmark: _Ref106355180]Figure 8 – Quality characteristics and Limit Value sections of QFD

A limit value has been supplied to the regulated air pressure characteristic which is set to 7bar, the gripper is able to work up to 8bar of air pressure but, the limit has been set lower to ensure safe operation of the equipment. Also, it can be seen from the calculation that the most importance has been given to this limit value, as this ensures the safety, quality of the product and reliability of the process.
[bookmark: _Int_ytjjpxvc][bookmark: _Int_BmsOvkJc]Overall, the QFD helped in understanding the right path for the design and the requirements are, and how to achieve them. Thanks to this tool, valuable time and resources were saved and it helped in understanding the non-value-added features and function of design. 





[bookmark: _Toc106399892]DFmea
[bookmark: _Int_f1dsRJBv]DFMEA is a tool used to consider potential failure modes and cause of a design being developed. This helps by preventing a future failure which saves resources and time investment. The Figure 9 shows a DFMEA performed on the design of the gripper, all actions required have been applied to the design. 
[image: ]
[bookmark: _Ref106383074][bookmark: _Int_wjwpEU1K]Figure 9 – DFMEA tool used to evaluate possible failure modes of the design
[bookmark: _Int_Vr9a8fed]As it can be seen there are two major failures that could have been encountered if this study was not conducted. The first is the metal fatigue to the grabber jaws due to excessive deformation cycles. If this occurred the implemented solution would not be able to complete the main task of transporting the phones which would cause a breakdown. From this the idea of adding strengthening ribs to the design as explained before was generated. This change ensures that there is minimal deformation to the jaws which would increase the lifetime of the same. According to the FEA analysis conducted on Autodesk Inventor 2022 with the use of correct material the maximum deformation of the jaws would be 1.016mm, this value is achieved by applying maximum allowed air pressure to Festo gripper, but in production this value will be decreased by almost 30% due to the light mass of the phone. 
[bookmark: _Int_G5a1ZqIq][bookmark: _Int_okRIb0Bb]The second major failure would be when operators or engineers are not able to assemble the solution due to wrong use of tolerances. It is very important to use dimensional tolerances accordingly by analysing the use of the component and not demanding precision when there is not need, a good example would be; If there is a hole which is meant to accommodate an M8 bolt, according to the ISO 286 the clearance hole should be 8.5mm in diameter which ensures that there is a .25mm clearance on all sides, and the force applied by the bolt is only directed in one direction. By doing this the cost of production is reduced as less time in consumed in avoiding unnecessary constrains.
[bookmark: _Toc106399893]Use of Poka-yoke method
Thanks to the DFMEA the Poka-Yoke method was used to design some fool proof features on the components. One good example is one way clamping feature added on the grabber adapter, this part fits between the Festo fingers and the Gripper Jaws. [image: ]
[bookmark: _Ref106385240]Figure 10 – Grabber adapter, Item 3 of Assembly
[bookmark: _Int_CHChKSEs]As it can be seen in Figure 10 this part consists of a slot, boss and two clearance holes for M4 bolts. The boss fits on the finger of the Festo gripper and the slot at the top of the model accommodates the grabber jaws, this slot ensures that the jaws are perfectly in line with each other and parallel to the gripper finger. This has been called as a fool proof design as the assembler can only clamp the adaptor and jaw square and only in one direction, if an attempt is made in the wrong direction the assembly would not be completed as jaws would collide with each other, so there is not a way of assembling this part wrong.
[bookmark: _Int_GyCkXYg3]This Poka-Yoke mythology was also adopted in a different manner. It can be noticed from the assembly parts table that there is no repeatability of bolt sizes. Different bolt sizes in diameter have been used in different locations to ensure that the assembler does not install them in wrong locations. If they are installed wrong, a lot of issues can rise such as if longer bolts are used and they do not hold the part securely it can cause vibrations and might cause the part to come off from the assembly. So, again there is no way that a user can fit wrong fasteners on this assembly. 
 


[bookmark: _Toc106399894]Finite element analysis (FEA)
Finite element analysis (FEA) is a computerised method which helps predict how a part will react to real world forces and other physical effects. In this case of design development, it was used to predict how the product will react when it is implemented in the real production environment. 
For the analysis there was need to select constrains which are locations where the part is secured and any faces which are in contact with other parts of the assembly. Then there is need to select and apply forces to the desired places, in this case two forces where applied. The first was gravitational force, which the part will be subject to constantly and the second are the maximum clamping forces of the Festo pneumatic gripper at 6 bar which are 79.8N per finger. 
So, after applying these two specifications and setting other parameters the results of the FEA were achieved. The full report generated by Inventor Professional 2022 is available on Appendix 5.
Two results from the FEA report were prioritised, the first was the Von Mises Stress and the second displacement. The first gives a very good idea of where in particular on the object major stresses are applied and the second shows how much and where on the object there is displacement under the applied forces. 
[image: ]
[bookmark: _Ref106392176]Figure 11 – Von Mises Stress representation 
[bookmark: _Int_xzQgiQii]In the Figure 11 it can be seen that the stress is mainly concentrated by the joint and thin part where the grabber jaws are clamped on the grabber adapter and Festo pneumatic gripper. After analysing this it can be said that this can be sustainable for the production environment as the design has very good load and stress distributing qualities. It can also be said that the stress predicted by the FEA is far lower than the limits set in the QFD.
[image: ]
[bookmark: _Ref106393016]Figure 12 – Displacement Representation
As seen in the Figure 12 most of the displacement is concentrated at the bottom of the design this is due to the lack of strength adding features available at this location. As it can be seen from the scale on left of the Figure 12 the maximum displacement for this design under these conditions is 1.016mm but as seen from the QFD the maximum displacement allowed for this design is 2mm so, again requirements have been met.
As explained before this gripper provides 79.8N of force per finger when supplied with 6 bar of air pressure. For better understanding 79.8N equates to almost 785 grams of force, which is an excessive force than desired is applied, which might damage the phone resulting in quality issues. So, if air is supplied to the gripper at 4 bar it is known that it will exert 55N of force per finger, which means that a force of circa 550 grams will be applied by each finger. This results in 1.1Kg of clamping force on the phone. As this force is a lot more realistic another FEA analysis was executed to understand the difference between the two forces and how they impact the design. 
[image: ]
[bookmark: _Ref106394409]Figure 13 – Displacement representation at realistic force
From the Figure 13 it can be said that there is a major difference from before the displacement has almost decreased by 30% which helps the product in the production environment and increases its lifecycle.
[image: ]
Figure 14 – Van Mises Stress representation at realistic applied force
The same principle applies to the stress analysis as the displacement, there is a drastic decrease of stress concentration in the weak area as there is almost 32% difference from the first test. 
So, from this evaluation it can said that if realistic forces were applied to the component, the design should be very successful in the production environment as it comes with many desirable features. 
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[bookmark: _Toc106399902]Stress Analysis Report Strengthned
[image: ]
	Analyzed File:
	Grabber Assembly.iam

	Autodesk Inventor Version:
	2022 (Build 260153000, 153)

	Creation Date:
	17/06/2022, 20:29

	Study Author:
	Manmeet Singh

	Summary:
	



Static Analysis:1
General objective and settings:
	Design Objective
	Single Point

	Study Type
	Static Analysis

	Last Modification Date
	17/06/2022, 20:18

	Model State
	Master

	Design View
	Master

	Positional
	Master

	Detect and Eliminate Rigid Body Modes
	No

	Separate Stresses Across Contact Surfaces
	No

	Motion Loads Analysis
	No


[bookmark: _Toc106399903]iProperties
Summary
	Title
	8116819 DHPC-20-A-S-2

	Author
	Cadenas PARTsolutions

	Company
	FESTO

	Category
	PARTsolutions

	Comments
	Parallel gripper


Project
	Part Number
	Grabber Assembly

	Description
	DHPC-Parallel gripper

	Designer
	partserver

	Cost
	£0.00

	Vendor
	FESTO

	Catalog web link
	www.cadenas.de


Physical
	Mass
	0.224 kg

	Area
	175193 mm^2

	Volume
	971846 mm^3

	Center of Gravity
	x=90.2317 mm
y=13.4817 mm
z=-18.0063 mm


[bookmark: _Int_tUnd3bGt]Note: Physical values could be different from Physical values used by FEA reported below.

Mesh settings:
	Avg. Element Size (fraction of model diameter)
	0.1

	Min. Element Size (fraction of avg. size)
	0.2

	Grading Factor
	1.5

	Max. Turn Angle
	60 deg

	Create Curved Mesh Elements
	No

	Use part based measure for Assembly mesh
	Yes


[bookmark: _Toc106399904]Material(s)
	Name
	Aluminum 6061

	General
	Mass Density
	2.7 g/cm^3

	
	Yield Strength
	275 MPa

	
	Ultimate Tensile Strength
	310 MPa

	Stress
	Young's Modulus
	68.9 GPa

	
	Poisson's Ratio
	0.33 ul

	
	Shear Modulus
	25.9023 GPa

	Part Name(s)
	Grabber.ipt



	Name
	Nylon 6/6

	General
	Mass Density
	1.13 g/cm^3

	
	Yield Strength
	82.75 MPa

	
	Ultimate Tensile Strength
	82.68 MPa

	Stress
	Young's Modulus
	2.93 GPa

	
	Poisson's Ratio
	0.35 ul

	
	Shear Modulus
	1.08519 GPa

	Part Name(s)
	Grabber Pin.ipt



	Name
	Generic

	General
	Mass Density
	1 g/cm^3

	
	Yield Strength
	0 MPa

	
	Ultimate Tensile Strength
	0 MPa

	Stress
	Young's Modulus
	0.0000001 GPa

	
	Poisson's Ratio
	0 ul

	
	Shear Modulus
	0.00000005 GPa

	Part Name(s)
	Arm3^UR3 Assembly.ipt


[bookmark: _Toc106399905]Operating conditions
Force:1
	Load Type
	Force

	Magnitude
	79.800 N

	Vector X
	0.000 N

	Vector Y
	-0.000 N

	Vector Z
	-79.800 N


Selected Face(s)
[image: ]
[image: ]
Force:2
	Load Type
	Force

	Magnitude
	79.800 N

	Vector X
	0.000 N

	Vector Y
	-0.000 N

	Vector Z
	79.800 N


Selected Face(s)
[image: ]
[image: ]
Gravity
	Load Type
	Gravity

	Magnitude
	9810.000 mm/s^2

	Vector X
	0.000 mm/s^2

	Vector Y
	9810.000 mm/s^2

	Vector Z
	0.000 mm/s^2


Selected Face(s)
[image: ]
[image: ]
Fixed Constraint:2
	Constraint Type
	Fixed Constraint


Selected Face(s)
[image: ]
[image: ]
Fixed Constraint:1
	Constraint Type
	Fixed Constraint


Selected Face(s)
[image: ]
[image: ]
Contacts (Bonded)
	Name
	Part Name(s)

	Bonded:1
	Grabber:1
Grabber Pin:1

	Bonded:2
	Grabber:1
Grabber Pin:2

	Bonded:3
	Grabber:2
Grabber Pin:3

	Bonded:4
	Grabber:2
Grabber Pin:4


[bookmark: _Toc106399906]Results
Reaction Force and Moment on Constraints
	Constraint Name
	Reaction Force
	Reaction Moment

	
	Magnitude
	Component (X,Y,Z)
	Magnitude
	Component (X,Y,Z)

	Fixed Constraint:2
	31.5844 N
	0.767734 N
	0.148955 N m
	0.0397652 N m

	
	
	-31.5732 N
	
	-0.143452 N m

	
	
	-0.345816 N
	
	0.00530165 N m

	Fixed Constraint:1
	31.0645 N
	0 N
	0.149734 N m
	-0.0386707 N m

	
	
	31.0645 N
	
	0.144655 N m

	
	
	0 N
	
	0 N m


Result Summary
	Name
	Minimum
	Maximum

	Volume
	22246.8 mm^3

	Mass
	0.0514166 kg

	Von Mises Stress
	0.00000000534474 MPa
	225.205 MPa

	1st Principal Stress
	-17.3692 MPa
	216.513 MPa

	3rd Principal Stress
	-179.811 MPa
	21.5221 MPa

	Displacement
	0 mm
	1.01646 mm

	Safety Factor
	1.22111 ul
	15 ul

	Stress XX
	-69.0597 MPa
	81.2329 MPa

	Stress XY
	-31.6688 MPa
	28.3295 MPa

	Stress XZ
	-56.2051 MPa
	59.6225 MPa

	Stress YY
	-67.113 MPa
	109.077 MPa

	Stress YZ
	-110.372 MPa
	108.065 MPa

	Stress ZZ
	-168.249 MPa
	202.775 MPa

	X Displacement
	-0.014852 mm
	0.0141058 mm

	Y Displacement
	-0.828035 mm
	0.000578357 mm

	Z Displacement
	-0.604504 mm
	0.604787 mm

	Equivalent Strain
	0.0000000000000689357 ul
	0.0029122 ul

	1st Principal Strain
	-0.0000167471 ul
	0.00280746 ul

	3rd Principal Strain
	-0.00234693 ul
	-0.0000000000000643962 ul

	Strain XX
	-0.000481342 ul
	0.000619502 ul

	Strain XY
	-0.000611313 ul
	0.000546855 ul

	Strain XZ
	-0.00108495 ul
	0.00115091 ul

	Strain YY
	-0.00107803 ul
	0.00136709 ul

	Strain YZ
	-0.00213056 ul
	0.00208602 ul

	Strain ZZ
	-0.00209294 ul
	0.00245945 ul

	Contact Pressure
	0 MPa
	2.98459 MPa

	Contact Pressure X
	-1.08243 MPa
	1.10611 MPa

	Contact Pressure Y
	-1.0258 MPa
	0.759515 MPa

	Contact Pressure Z
	-2.53411 MPa
	2.58532 MPa
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visual inspection
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assembly
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dimensional 
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the process of 

assembly easier
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Supply grabbing 
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Air regulator fitted to 
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controlled pressure
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phones for any 

damage
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Make use of air 
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phone 

Assembler and 
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UR 3 Cobot

Position the 
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correct position 

to complete tasks

Unable to 

complete task

Wrong positioning of 

final coordinats position 

for the robot

10
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programmer

Position the robot 

according for the pins 
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8
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to lift the products
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Use programming 

softwares where 

possible to reduce 

human errors.
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