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Executive Summary
Within this report there are details to how a part is created from an idea to a final product, this shows examples of techniques which can be used to help during the initial concept design of the part and selecting which concept to base the final design on. It then goes through the DFMEA process to how potential issues can be spotted which are scored with an end RPN value but also looking at the severity and the risk this could bring. These actions are then worked on to reduce the RPN value and provide a design which should provide no concern when introduced into production as the risk have already been identified and addressed. However this is not the case and a customer concern put the design through a root causes analysis process to find the root cause of the concern and come up with and implement a permanent corrective action. 























Table of Contents
Executive Summary	1
Introduction	3
Product Design	4
Initial designs	4
Turning design concept four into a design	7
Final Design	13
Conclusion	16
Concern with the gripper	17
Bibliography	19
UPDATE TABLE FREQUENTLY – CHECK IT HAS BEEN UPDATED PRIOR TO SUBMISSION























Introduction  

An assignment has been set where there is a requirement for a robot gripper to be manufactured following the CSR (customer specific requirements). This robot gripper is going to be mounted onto a UR3 Cobot arm and is going to remove completed mobile phone from a full automated production line known as the FESTO Cyber Physical Production system Figure 1- FESTO cyber–Physical Production System and place them into packaging area. As mentioned, this is a full automated production line which can put together a large variety of specifications which include colour of the phone cases, internal component specification and potential size of product.
During the design process a wide range of tools and techniques are to be used to ensure the part which is going to made has minimal issues and is robust as possible. These include DFMEA, QFD and design for quality, whilst still applying and achieving the VOC (Voice of the customer) which is required. 

Figure 1- FESTO cyber–Physical Production System












Product Design 
Initial designs 

To start the process of designing it is good to come up with some concept designs based on the initial idea of removing a mobile phone from a final assembly shoot and placing it into a packing area or finished packaging to be sent to the customer.
As the model of the phone is know and the finished shoot is already in place doing some very basic designs can be done, these will be known as the concept designs. From these the customer requirements can be applied and using the QFD process and scoring them accordingly. 
The Voice of the customer requirements are: 
The final gripper must be capable of high-volume manufacturing – this means that the material should be robust and have a long life. 
The gripper should be robust enough to withstand use with a production environment, this means it can easily be maintained or repaired so an obscure part which uses non stand parts should not be considered. 
Able to mount the gripper onto the UR3 cobot arm. – consider must be taken to what powers the current arm, introducing a gripper powered by pneumatics may not be suitable.  

The QFD template which I will be using is shown in Figure 2 - QFD template

Figure 2 - QFD template
“VOC Competitor Analysis: The QFD “House of Quality” tool allows for direct comparison of how your design or product stacks up to the competition in meeting the VOC. This quick analysis can be beneficial in making design decisions that could place you ahead of the pack.”


The four concept designs all incorporate picking the phone up in different ways. 
Concept design one - This involves picking the part up using to forks which go under the phone and then a pressure pad which comes done on top to secure it in place. 

Figure 3 - Concept deign one
Concept design two – This uses two separate fingers which come in both on the side and under the phone to pick the phone p. 


Figure 4- concept design two
Concept design three – This use a suction cup to come and pick the phone up by attaching it to the top of the phone case. 

Figure 5 - concept design three
Concept design four – This comes in from above and picks the phone, making contact with both the top half and the bottom half of the phone. 

Figure 6 -concept design four
Putting these designs through the QFD process there was a clear winner which ticked all the boxes and now the design could progress onto the next stage of development. The was design concept four and is the QFD is show below in Figure 7- Design 4 QFD

Figure 7- Design 4 QFD


The areas where design concept one and design concept two scored low was the ability to place the part within the packing, as they both required the gripper to enter the box and needed a lot of movement to come away from the mobile phone after realising it. Design concept three lost marks as it could potentially damage the part in how it picked the part up, as the mobile phone cases can separate easily, it would also be difficult to mount this type of design to the UR3 cobot arm which customer is providing. Although design concept four has scored low on “ if it requires special maintenance “ all the other three concept designs also scored low on this as the maintenance which will be required on any sort of robot will need some sort of special training. 


Turning design concept four into a design 

Now that the concept design has been chosen it is time to fine tune the design homing in on the voice of the customer ensuring that this is the focus of the final design. This is where another tool can be used to make sure we keep on track and identify any other potential issues which we have missed. The tool is the DFMEA which stands for Design Failure Mode and effect Analysis.
“Design failure mode and effect analysis (DFMEA) is a systematic group of activities used to recognize and evaluate potential systems, products, or process failures. DFMEA identifies the effects and outcomes of these failures or actions. It eliminates or mitigates the failures and provides a written history of the work performed”

Using the DFMEA will identify potential failure modes with the design, which it is then possible to work the potential effects that these may cause. These are then scored on the severity of the effect with one being minimum effect on the end user to ten potentials resulting in death of the end user. But its always good to be honest when doing these as if a ten it can be rectified, and actions put in place to reduce it. So breaking the potential effects down into the potential causes of the failure mode and also the current preventative a actions which are in place. These are also then scored the likely hood of it occurring again 1 being low and 10 being high. Next are there any current detection methods in place, this is also give a score 1 being detected and 10 being undetected. 
These three number are then multiplied together to give and an RPN value, which will give and indication to where to forces the improvements on first followed by the severity should be applied as a risk based thinking approach. 
DFMEA Sction 
Section	Requirement
Item / Function 	A description of the item being analysed
What the item does to satisfy the design intent 
	
	
Protential Failure Mode 	How the item could fail to achive the required design intent 
	
	
Potential Effect / Of Failure	The consequences of a potential failure mode for the customer if the required design intent is not achieved
	
	
Severity	A 1 -10 ranking of the impact of a potential failure for the customer. The most serious effect is considered ( death ) 
	
	
Classification	Refers to high-priority potential failures modes that due to risk will need specific controls 
	
	
Potential Causes Of Failure	Why the failure mode could happen 
	
	
Occurrence 	A 1 - 10 ranking of the liklihood of a failure mode occurring 
	
	
		Current Controls Prevention		What actions are in place to prevent the potential failure mode 
	
	
Current Controls Detection	What action are in place to detect the potential failure mode 
	
	
Detection	A 1-10 ranking of liklihood of a failure mode being detected 
	
	
Risk Priority Number (RPN)	A ranking / prioritisation calculation based on 
Severity x Occurrence x Detection 
	
	
Recommended Actions	Recommended improvements to reduce the RPN
	
	
Responsibility and Target Date	Responsibilitiy and target date for recommended improvement
	
	
Action Taken	Results of any required actions
	
	
Re-Calculation of Severity	Re-Calculation of Severity if achived
	
	
Re-calculation of Occurrence	Re-calculation of Occurrence if achived
	
	
Re-calculation of Detection	Re-calculation of Detection if achived 
	
	
Re-Calculation of RPN 	Re-Calculation of RPN if the severity , occurrence or detection value has changed 
	
	


Applying this concept design gives us the following  Figure 8 – DFMEA


Figure 8 – DFMEA

What has been highlighted at his stage has provided three areas of concern which need to be addressed. 



Damage to the phone caused by a burr on the gripper, although this will not cause the end user any problem when operating the phone. However buying a brand new products and having a scratch on it would damage the company’s reputation and would also result in replacing the phone which would also cost the company money. 

Picking a non-completed phone from the conveyor belt the severity has been scored an eight, which is high, the reason behind this is that apart from the end user in normal conditions receiving a phone which doesn’t work. Again, this will affect the company’s reputation and also the company will have to replace the defected product costing the company an additional cost. The worst case scenario is that this phone is an emergency phone and could result in some suffering further due to be unable to contact anyone. 

Dropping the part during the final packing process, this would cause the end user a direct issue apart from receiving their product later that promised. However, this would affect the retail customer as this could affect their reputation. 

With these taken into consideration action were assigned to them to reduce the RPN number and the risk which is captured in the severity. Figure 9 - DFMEA actions



Figure 9 - DFMEA actions
 












Explaining the actions, which are implemented to reduce the RPN
Recommended Action(s)	Responsibility and Target Completion Date	Action Results
		Actions Taken	Sev	Occ	Det	RPN
Apply a rubber to the gripper surface 	R&D	Apply a rubber to the gripper surface 	2	2	8	32
Apply a scanning station to only allow completed parts to be packed into final packing 	Engineering 	Add scanner to the gripper 	8	2	2	32
Have a feedback sensor on the gripper to detect and alarm in pressure is lost during the transfer window	Engineering 	Add sensor 	4	4	2	32


Damage to the phone caused by a burr on the gripper initially gave us a RPN value of 96, this was reduced to 32 by implementing a rubber to the gripper to prevent the gripping being damaged the phone during the pickup operation. Although the PMM frequency hasn’t changed the life on the rubber will be captured and the rubber is to be changed prior to any break down. 

Picking a non-completed phone gave us a RPN value of 160.  As part of the manufacturing process a label is produced to show the product has gone through all the assembly cells and completed each process Figure 10 - Phone with sticker


Figure 10 - Phone with sticker
Show ensure that the gripper picks up and places the completed phone into the packaging a sticker reader is going to be mounted onto the gripper. If the reader does not read the label the phone can be placed into a quarantine area for analysis. 

Dropping the part gave us an RPN of 160, to reduce this value a pressure feedback sensor is to installed in line, this will detect if the pressure changes whilst moving from position A and B. If the pressure dose change an alarm will sound alerting the operator that an issue has caused within the process. 




Final Design 

With the DFMEA now completed, the final design can be established and designed to produce the finished product. 


Figure 11- final design























Conclusion 

The Design process using the correct tool and techniques should provide a part which works and covers all the requirements of the Voice of the Customer. If there is an issue after the part has been made and has been in operation for a length of time. A Fault finding exercise can be used to fins the root cause and put a permanent corrective action in place to prevent it from happening again. 
The most common tools which are used for this process are an ishikawar diagram or more commonly known as a fish bone diagram and a five whys diagram. Which are shown below 

Figure 12 - Fish bone diagram

Figure 13 - Five whys diagram

How the fish bone diagram works is the defined problem is placed into the head of the fish, branching of it along its body are the potential root causes which are given 6 stereotypical heads to start the thought process off. 
Man
Machine 
Method 
Measurement
Material 
Environment  

Using these heading the potential root causes are written below them which could contribute to the concern, when conducting any sort of root cause analyse a cross functional team is a must to ensure the potential root cause is not focused in the wrong direction. ( away from the department leading the investigation ) but a key member of the team which normally left out if the operator who runs the machine day in day out and knows it like the back of their hand. 
When potential root causes have been established they can then be scored to the likelihood of them happening and the highest scoring can be investigated further. 
The Five whys process is firstly defining the issue and asking yourself Why over and over again (like a small annoying child ) until a root cause has been established. To check you have done it correctly you can do the Five Why’s in reverse by asking yourself therefore. This is a nice tool as it can be don’t quick and easily providing you a direction to follow. 

Concern with the gripper 

During a couple of months in service a quality concern was received where a customer had received a new phone, which was scratched along the side of the phone. 
Firstly the concern needed to be defined to do this the physical sample on the concern was analysed and it was found that the scratches were in the area of the gripper. 
Defined – Scratches in the area of the gripper  
This was then going to applied in a Five Whys format. 

Scratches in the area of the gripper 
WHY
Bear mental had touched the phone 
WHY
The rubber was not present on the left side of the gripper 
WHY
The glue had lost its adhesion
WHY
Wrong glue used during the changing of the rubbers 
WHY 
Type of glue not specified in the planned maintenance schedule  

So the root cause was incorrect glue, to ensure this doesn’t happen again the planned maintenance instructions were updated and the incorrect glue was removed from the stores as it was no longer needed in production. This information can then be fed back to into the DFMEA 
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2 VVIYS for Root Cause Analysis (RCA)
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