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[bookmark: _Toc106357353]Executive Summary

Manufacturer Festo have requested a tool be designed, developed, and integrated to a collaborative-robot to dispatch an assembled mobile phone from their production line to an autonomous guided vehicle that will transport the finished product to an inventory station.
Several design tools have been used to assist the designer in achieving the optimal design, including, reliability, ease of maintenance and cost.  The designer has tried to utilise off the shelf parts for ease of replacement if and when required.
Two designs were considered and after conducting a QFD (Quality Function Deployment), Ishikawa fishbone diagram and a DFMEA (Design Failure Mode and Effects Analysis) the best design was developed upon.
This report contains recommendations for transporting the finished product more efficiently and storing a larger number of products for transport, while reducing transport times for the autonomous guided vehicle.
After trial of the chosen design, the DFMEA could be re-evaluated, and any improvements highlighted could be introduced to ensure productivity remains greater than 99.9%.
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[bookmark: _Toc96607548][bookmark: _Toc106357354]Terms of reference
This report has been prepared with the instructions from Richard Morgan from University of Wales Trinity Saint David, dated May 2022.

[bookmark: _Toc96607549][bookmark: _Toc106357355]Objectives of the report
[bookmark: _Hlk106102959]Develop upon the manufacturers (Festo) request to design, develop and integrate a collaborative-robot (COBOT) to unload the finished product from its manufacturing production line onto an autonomous guided vehicle (AGV) to be transported to inventory.  Produce a technical report to explain findings.

[bookmark: _Toc106357356]Introduction
Manufacturer Festo have requested a tool to be designed, developed, and integrated to a collaborative-robot to dispatch an assembled mobile phone from their production line to an autonomous guided vehicle that will transport the finished product to an inventory station.
The fully assembled mobile phone is pictured with dimensions in figure 1.
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Figure 1 - Mobile Phone with Dimensions (mm)

An end effector (gripper) will be designed, applying design tools such as Design for Assembly (DFA) and Design for Manufacture (DFM).  The mobile phone will need to be picked up from the collector belt and placed on the autonomous guided vehicle by the newly designed end effector.  The new end effector will attach to a robot arm, which will transport the product between the collector belt and the autonomous guided vehicle.
The new end effector will be sufficiently robust to withstand sustained use within a high-volume manufacturing environment.
On completion of the design theory, a 3D Solidworks design will be produced along with a description of why the finished end effector is the best option to carry out the given task.

[bookmark: _Toc106357357]Robots in Manufacturing
Since before the start of this millennium, robots have been used in manufacturing and improved technology usability and access for everyone.  The introduction of these machines has made complex jobs easy to accomplish and bring simplification to a new level (KUKA, 2022).  These machines can be left to perform the dull, dirty, and dangerous tasks, freeing up employees to perform other duties.  Robots can contribute to reducing downtime and labour costs, while boosting production and efficiency (Mitsibushi, 2022).

[bookmark: _Toc106357358]Design for Assembly (DfA)
When designing for assembly, a component or part is designed to optimise assembly and function.  This can mean using fewer parts to achieve the same functionality and effectiveness while maintain reliability and reducing costs of materials/parts and production times.  When designing a part/product for assembly, designers would need to consider several factors:

· How complex the part will be to assemble correctly.
· If the part is assembled in-correctly, can the part still perform its function.
· Will there be multiple materials used to create the part.
· Will the part need to be disassembled at the end of its lifecycle.
· Could the part be recycled or reused after performing its function.
· Can the number of parts be reduced to ensure ease of assemble.
· Can the part be assembled by hand or is there a need for automation.
(CMS, 2016).

[bookmark: _Toc106357359]Design for Manufacture (DfM)
When designing for manufacturing, the goal is to design a part/product that is better, easier to manufacture and reduces the manufacturing costs without compromising the part/products performance.  This can be achieved by simplifying/refining the parts/products design. When designing for manufacture, there are several factors to take into consideration:

· Reduce the number of parts.
By reducing the number of parts used, costs will be reduced for labour, materials, and logistics. Production time can also be reduced and hopefully have a positive effect on errors/faults during assembly.

· Standardise the parts and materials used.
Standardised parts are generally available quickly and cheaply over customised parts.  This can shorten production time and help to reduce costs.


· Ease of joining parts and their orientation
Can the part/product be assembled easily by an untrained person without the use of tools.  Try to produce a part that can clip/click into another in any orientation without the use of fasteners (where possible), this can reduce assembly time, save money and promote customer satisfaction (should the part need to be assembled by the customer). 


· Simplify the manufacturing process and product finish
The more complex the part is to assemble the long it will take, adding to labour costs and production times.  The more complicated the operation, the more changes there will be for error. Only include essential assembly operations.  If the part can use a finish for function, rather than show, this will also save on production times and cost savings.














[bookmark: _Toc106357360]Design
Festo have requested a tool to be fitted onto a robot arm to remove the finished product (mobile phone) from the production line and place it onto an autonomous guided vehicle (AGV).   To conduct this process, there are two types of end effector to look at.

[bookmark: _Toc106357361]Design Option One
There is an opportunity for the Cobot to be fitting with a pneumatic sucker.  This sucker will pick up the product and place it onto the autonomous guided vehicle.  Figure 2 shows a basic Solidworks CAD drawing, prepared in Solidworks, of how the sucker could look.


[image: ]

Figure 2 – Proposed design of the sucker end effector

This part will sit on top of the finished product and suck the product up using a pneumatic pump to create an air lock.  The sucker will be made of light weight aluminium and have a soft, durable rubber skirt that can easily bend and stretch with the difference in air pressures during the sucking process.  


[bookmark: _Toc106357362]Design option two
The second design is a tool with a clamp type motion.  There would be two aluminium parts moving in and out to pick up the product and transport it to the autonomous guided vehicle.  Figure 3 shows a basic Solidworks CAD drawing, prepared in Solidworks, of how the grabber/clamp could look.
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Figure 3 – Proposed design of the grabber end effector

This part will pick up the finished product from either side (top and bottom or left and right), using pneumatics to contract and release the grabber.  This part could be made from light weight aluminium and have grippers fitted to reduce the chances of dropping the product.

[bookmark: _Toc106357363]Quality, Function, Deployment (QFD)
After carrying out a basic QFD on both designs figure 4, the gripper has come out as the most favourable design.
[image: ]
Figure 4 – Basic QFD of both end effector designs
Both designs score highly when rated against the customers basic design requirements, but there are significant differences in scoring when looking at modifications to existing equipment, standardised replacement parts and the ability to remove/pickup defective products.
When observing the mobile phone assembly process, there is an ongoing issue regarding the fitting of the back cover.  There is a high volume of mobile phones coming off the production line with improperly fitted back covers.

The Sucker
As the sucker will pick up the mobile phone from the top so there will be no modification to the dispatch belt/station required.  There’s a possibility that the sucker could leave a mark on the back case, caused by the rubber seal creating an airlock, hence the weak negative rating.
The Sucker design will pick up a quality finished product (mobile phone) and place it onto the AGV.  The suckers’ operation fails when the back case of the mobile phone is not secured efficiently. If the back case is loose, the sucker will only pick up the back case and not the whole of the mobile phone unit. 
The suckers rubber skirt could be a push fit attachment onto the aluminium body but would need to be specially made.  If this skirt were to break or tear at any point and no airlock could be achieved, a new part would need to be made, creating downtime and the possibility of having to utilise a member of staff to carry out this role.

The Grabber/Clamp
The grabber/clamp has the possibility to pick up the mobile phone from either orientation but there may be a need to alter the dispatch belt slightly for the grabber/clamp to make sufficient contact with the mobile phone.
There would be not issues picking up a defective mobile phone (loose cover) as the grabber/clamp would be making contact with the body of the product and not just one surface as the sucker would.
There needs to be some sort of gripper fitted to the grabber to ensure good contact is made with the product and that the product is not dropped.  This end effector design is the option to be expanded upon following the QFD.  Further investigation will be carried out using Ishikawa’s fishbone diagram to ensure the grabber/clamps performs efficiently.

Ishikawa (Fishbone Diagram)
Ishikawa Kaoru invented a way for companies to find solutions to their problems in a structured way, this was called the fishbone diagram.  It is sometimes referred to as the cause-effect diagram.  Problems that require a sustainable solution are illustrated with their respective issues/causes within this diagram (IONOS, 2020).  Figure 5 shows potential causes for the grabber failing to pick up the finished quality product, with the use of Ishikawa’s fishbone diagram (a larger image can be found in appendix 2).

[image: ]
Figure 5 – Ishikawa’s Fishbone Diagram of cause for grabber failure


[bookmark: _Toc106357364]Design Failure Mode and Effects Analysis (DFMEA)

Design Failure Mode and Effects Analysis (DFMEA) is a tool that designers use to ensure products perform to their best and satisfy the user’s needs. DFMEA helps the designer identify potential failures and their causes.  DFMEA can recommended actions to reduce possible design failures.  DFMEA can be a valuable tool to a designer, as it helps detect potential design failures, reducing product development time and costs. Figure 6 shows a DFMEA for design option two, the grabber (Colcol, 2022).
[image: ]
Figure 6

[bookmark: _Toc106357365]Development of Design option two

When looking at design option two and taking the QFD and fishbone diagram into account, there are several improvements to be added to the original design to ensure its optimal performance.

Gripper Pads
Gripper pads can be fitted to the base of the claws.  These pads could be made of a soft rubber material to ensure sufficient grip is maintained.  These grip pads will evidently wear over time, so sourcing an off the shelf product would be essential for future preventative maintenance.

Sliding Jaws
By creating an elongated hole into the cross member (top) of each jaw, this will allow the jaws to move back and forth.  The jaws will be secured with a countersunk bolt and a nylon locking nut to reduce play between the jaws.  This will future proof the grabber, enabling it to be used on future models, whether they be larger or smaller.

Piston and Clamps/Brackets
Two clamps/brackets will be incorporated into the initial casting process of each jaw.  These clamps/brackets will house an off the shelf pneumatic piston.  This piston can be set to a certain size from manufacture, have adjustable limits in place, set to the dimensions of the mobile phone or the piston could be pressure sensitive, so that a pressure can be set for the pickup of the mobile phone.  By using pressure sensors, this would ensure the grabber picked up the mobile phone, even in the event gripper pad wear over time.  If distance limits were set and the gripper pads were to wear, then there could be a deficit and mobile phones could be dropped.

[bookmark: _Toc106357366]Possible Finished Design
Figures 7.1 – 7.4 are possible design ideas on how a finished grabber could look.  With off the shelf, interchangeable parts, preventative maintenance could be carried out to keep costs low and reduce possible downtime.  Figures 6.3 and 6.4 demonstrate the flexibility this grabber has to adapt to future models that could vary in size. (Please note. The initial grabber concept design was a team effort as agreed, between me and Paul Corry).

[image: ]
Figure 7.1
[image: Engineering drawing
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Figure 7.2 
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Figure 7.3 - Grabber in smallest closed position
[image: ]
Figure 7.4 – Grabber in largest open position
[bookmark: _Toc106357367]Fitting Grabber to COBOT
Figures 8.1 and 8.2 are examples of a block that could be secured to the COBOT and then fastened to the top grabber plate.  This would ensure easy removal of the parts for maintenance and renewal purposes.  This block would sit over the piston, allowing the piston freedom of movement.  There are four fixing holes on the top for fastening to the COBOT and two fixing holes to the bottom for fastening to the grabber.
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Figure 8.1
[image: ]
Figure 8.2
[bookmark: _Toc106357368]COBOT Programme of Movement
The COBOT can be easily programmed to carry out this task.  If a PEC/Sensor were fitted to the dispatch unit, as soon as an assembled product arrives, a signal would be sent to the COBOT to tell it that a product is waiting.  The COBOT would begin at origin and move to the set parameters of the dispatch belt.  When in the correct position, the jaws would be closed to the pre-set pressures/dimensions.  At this point the COBOT would then proceed to carry the product to an unloading area (AGV) where the jaws would then release the product.  The COBOT would then return to its point of origin and await a new signal from the PEC/Sensor at the dispatch belt.

[bookmark: _Toc106357369]Storing the Product
When accessing the AGV, it is a very slow-moving robot and if mass manufacturing was to take place, then there would be a build up of products backing up at the dispatch belt.  
An option would be to have two AGV’s working constantly in tandem to try and keep up with demand.  This would initially be very expensive but the cost in downtime cost be worse.
In addition to the possibility of having two AGV’s, a removable cassette/box type unit could be fitted to the AGV to take a number of mobile phones at the same time.  The unit could have a spring system inside that would compress every time a product was added, like a plate dispenser at a food buffet.  The unit could be removed at inventory by an employee and replaced with an empty unit for the AGV to carry back to the COBOT for re-loading.


[bookmark: _Toc106357370]Evaluation
Festo have requested that the finished end effector be able to withstand a fast-moving production environment.  By using standardised components, durable materials and keeping components to a minimum, there are fewer potential failures to occur and if such a failure were to present itself, replacement components would be an off the shelf replacement.  By utilising these design tools, the grabber can withstand longer periods of working/production and help reduce downtime issues.  With the introduction of the storage and transportation suggestions, mass production could be achieved.  Even though this would occur initial investment, producing more mobile phones would achieve higher profits overall.  






[bookmark: _Toc106357371]Conclusion
Without using these design tools, many aspects of the design could have been overlooked.  If the sucker had been manufactured and fitted to the COBOT then the defective mobile phones with loose covers would not have been removed from the dispatch belt and products would have built up behind and stopped the production, resulting in unwanted downtime.  These tools help the designer minimalise parts used and standardise components, resulting in less down time and a more efficient maintenance programme.  If a component were to break, an off the shelf replacement would ensure production is not interrupted for too long.  As well as having replacement parts, if the components were standardised then an additional gripper could be manufactured in case of emergency.
When looking at the two designs, both seems acceptable, but it was not until the design tools were used that the designer could identify potential problems within the design.
The grabber was the best option for the task and should have the least number of issues going forward.  The interchangeable and inexpensive grip pads should keep production moving quickly during mass production.  The off the shelf piston could be bought from wholesalers or at your local hardware store (Halfords maybe – other stores are available).
By incorporating a storage unit to the AGV, transport of the products could be greatly improved, and costs savings could be made from not having to recharge the AGV so often.
Even though these design tools cab help save money and minimise components, they are theory based and only by manufacturing the grabber and monitoring its performance, can a genuine appraisal be made.  The grabber would have to be tried and tested and then reassessed.  After a trail period, the DFMEA could be re-evaluated to potentially identify any further improvements to be made.
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1 - Lucus Index Tables
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2 – Ishikawa (fishbone diagram)
[image: ]
image3.png




image4.emf
Appropriate for high-

volume manufacturing.

Is the gripper 

mechanically actuated.

Withstand sustained 

use.

Standardised parts.

Can the end effector 

pick up a poor case 

assembly.

Will the dispatch belt 

need to be modified.

Can cause damage to 

product.

21

Sucker

33

Gripper

Customer rating 

(1 = least, 10 = most important)

Design 

requirements



Key: 

Strongpositive

Strongnegative

Weak positive

Weak negative

Relationship scores

= 9

= -9

= 3

= -3


image5.emf
ENVIRONMENT HUMAN METHOD

Operator error

Poor operational 

process

Condensation on 

product

Fluctuating 

temperatures 

causing expansion 

and contraction of 

the phone case

Poor training

Jaw dimentions set 

incorrectly

Part exiting 

production line at 

wrong orientation

Lack of robotic 

knowledge

Poor 

programming Wrong pressure set on sensors

Jaw dimensions set 

incorrectly

Gripper Material will wear

Selected gripper material 

too hard

Pressure senor set 

incorrectly

Gripper material not 

making good contact 

with product and 

dropping it

Jaw dimensions set 

incorrectly

Grippers wearing 

therefore not 

making sufficent 

contact with product 

to pick up cleanly

Poor programming Loss of programming

Pneumatic pressure 

loss

MEASURE MATERIAL MACHINE

Grabber Failing to 

Pick Up Product


image6.emf
Item: FMEA number:

Model: Page :

Core Team: FMEA Date (Orig):

10/06/2022

Actions 

Taken

S

e

v

O

c

c

D

e

t

R

P

N

Ability to pick 

up product

Grip pads 

worn

Unable to 

pick up 

product

8 8

Rubber pad 

worn

3 None 6 144

Daily Maintenance 

checks and weekly 

replacements

 Maintenance - 

one week

Daily Checks 

Weekly - 

renewal

8 2 2 32

Jaw Movement

Lack of 

pneumatic 

pressure

Unable to 

pick up 

product

8 8 Split Pipe 2 None 8 128

Daily Maintenance 

checks and weekly 

replacements

 Maintenance - 

one week

Daily Checks 

Weekly - 

renewal

8 1 2 16

Jaw Movement Siezed Jaw

Unable to 

pick up 

product

8 8

Locking nut 

failed

3 None 7 168

Daily Maintenance 

checks and weekly 

replacements

 Maintenance - 

one week

Daily Checks 

Weekly - 

renewal

8 2 2 32

Jaw Movement Failed Piston

Unable to 

pick up 

product

8 8 Worn Piston 2 None 8 128

Monthly 

Maintenance and 

Replacement on 

failure

Maintenance - 

Monthly

Monthly 

Checks  

Renewal on 

failure

8 1 1 8

COBOT 

Operation

Failed 

Programme

Production 

Stopped

9 9 PLC Failure 2 None 9 162

Six Monthly 

Maintenance

Maintenance - Six 

Monthly

Six Monthly 

Checks  

Renewal on 

failure

9 1 2 18

COBOT 

Operation

Dispatch 

PEC/Sensor

Production 

Stopped

8 8

PEC/Sensor 

failure

2 None 8 128

Monthly 

Maintenance and 

Replacement on 

failure

Maintenance - 

Monthly

Monthly 

Checks  

Renewal on 

failure

8 1 2 16

D

e

t

e

c

Ian Lewis Technical Designs Ltd

End Effoctor

Design Option 2

S

e

v

C

l

a

s

s

Potential 

Cause(s)/ 

Mechanism(s) 

of Failure

O

c

c

u

r

Current 

Process 

Controls

FAILURE MODE AND EFFECTS ANALYSIS

Recommended 

Action(s)

Responsibility 

and Target 

Completion Date

R

P

N

Process 

Function

Responsibility:

Prepared by:

Ian Lewis

Ian Lewis

Action Results

0000-1

1 of 1

Rev:

17/06/2022

Potential 

Failure 

Mode

Potential 

Effect(s) of 

Failure


image7.png




image8.png




image9.png




image10.png




image11.png




image12.png




image13.png
Lucas DFA method - Manual Handling Analysis

Handling Index = A+B+C+D

A. Size & Weight of Part
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End to end, easy to see 0.1
End to end, not visible 0.5

D. Rotational Orientation of Part
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Rotational Orientation, hard to see 0.4
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Lucas DFA method - Manual Fitting Analysis

Fitting Index = A+B+C+D+E+F
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