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I have been assigned the task of creating design study for the development of a 3-jaw gripper that will be used in collaborative bot systems. A co-bot system is designed for human interaction in a sharded environment normally within close proximity of each other. The intention of these systems is to aid the worker in carrying certain task such as the picking up and raising of certain parts that would be too heavy for them alone. These systems increase the rate at which work is carried out as they operate at higher speeds than the average employee without the need for breaks. Co-bots work at multiple axis which gives a wide range of movement and adjustment when running.
The gripper that is to be designed will need to be adjustable to ensure that it is capable of grabbing, holding and carrying parts/equipment of varying sizes. Grippers have been used in industry for many years as a method of removing manual handling carried out by employees by holding, transporting and manipulation objects without the need of human interaction. There are many types of grippers on the market such as vacuum, hydraulic and pneumatic. Each gripper has two or more fingers that are actuated in unison. Some fingers are rigid and others are flexible depending on the work required of them. Grippers can come with interchangeable fingers that vary in size, shape and material to be used on different components. 
I will be using design failure modes and effects analysis, also known as an DFMEA to demonstrate the studies value in manufacturing a safe product. There are many safety considerations to be made when manufacturing this product such as if it is user friendly. The suggested production volume is between 1000 to 2000 units per week.
[bookmark: _Toc75210554]Concept Design Appraisal 
To begin this design study, I first reviewed and analysed the concept design for the gripper in order to determine whether it is suitable for the work required of it. From my initial viewing of the concept design, I could see that the gripper was practical for the purpose required however it was limited in in its safety aspects and overall functionality. Its basic and simple design would allow for it to be easily manufactured and the material used, aluminium, is ideal as it is lightweight, corrosion resistant and machinable. I carried out a DFMEA to locate the faults present within the design concept that needed alterations and additions to improve it (see appendix 1).
When carrying out the DFMEA I concluded that there are many safety hazards present with the design, one being the lack of rounded edges. The jaws/fingers themselves have pointed tips and sharp edges which are a serious risk to anyone within close proximity. To make the gripper as user friendly and safe to use theses edges will need to be rounded. Also, the contact point for the gripper is too small to grasp/hold significantly larger and heavier components. The low surface area in contact with the components increase the risk of them slipping out and dropping when being moved. This can result in injury and damages as the objects could be thrown when rotating. To counter this a larger surface area in contact is needed. The addition of material to the ends of the jaws would allow for more friction/grip on components, such as using a ribbed rubber surface or even just adding a rougher surface to the metal jaws. 
The width that the jaws can open is limited by the linkages and their length meaning only smaller components can be picked up. There is also not much support given to the jaws as there is only one joint each. This single joint may not be enough to support a heavier weight and provide the required force needed to keep hold of the component.
Another issue is the gaps present on the sides of the cylinder beneath the jaws. These gaps are potential trapping/pinching points that could cause serious injuries. There is also a trapping point created by the drive plate and worm when it is in full extension. The worm is also exposed which can lead to it being damaged easily and it allows for debris such as dust to enter the thread, causing damages/blockage. The exposed worm may catch on any loose clothing, hair etc. causing a serious injury.
[bookmark: _Toc75210555]Manufacturing Process Proposal 

[bookmark: _Toc75210556]The Jaws
I have researched some materials that I deemed to be suitable for the jaws to determine the most fit for purpose material. I looked at aluminium first as this is what was used in the concept, it is lightweight which would prevent the gripper from becoming too heavy, machinable which allows for them to be manufactured using CNC and it is corrosion resistant meaning that it can be used in chemical-based operations. Aluminium 6061 is more expensive that steel, it has a low tensile strength unless alloying elements are added and it deforms easily. (Aalco, 2020) 
Next, I looked at 304 stainless steels as a valid material. Type 304 has a high carbon content that allows it to be applied in high temperature environments. Its grain structure gives it an high grade of toughness and strength. As chromium is present it becomes very resistant to corrosion as it provides the alloy with a protective layer. 
I found the process of metal injection moulding when researching this material. Metal injection moulding is an additive manufacturing method that produces components by using a thermosetting plastic and a wax binder to achieve a desired shape. The process uses pellets known as feedstock which contains metals, polymers and binding agents. These are then heated up by the moulding machine and injected into a mould cavity until they take the required shape. Once cooled the parts are cleaned and the binding agents removed using a thermal debinding process which does not damage the part. The product is then sintered to ensure all binding agents are removed and gives strength to the component. This process produces a very high-density material in a short space of time (Monroe, 2020). 
Finally, I looked at mild steel as a potential material. It is a strong material with little brittleness, malleable and inexpensive. It can be machined with ease using a variety of machinery such as CNC, manual lathes and grinders. It is not corrosion resistant and will need to be coated to prevent oxidation as it is prone to rust (Reference, 2020).
From my research I concluded that 304 stainless steel is the best option for the jaws since it has all the properties that are required. It has a high tensile strength, corrosion resistant without the aid of a coating and has a high toughness. Even though it is more expensive that mild steel its benefits outweigh the cost of the material. I will also use the metal injection moulding process to manufacture the jaws as it will give a high yield of the components at a fast pace which will reach the suggested production volume of 1000 to 2000 units a week. It is an expensive process but it will give flexibility to the number of jaws made and the shapes and styles via the moulds used. See Appendix 4 for jaw design.
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The cylinder housing for the grippers main components will be manufactured from aluminium. I chose to use aluminium for the housing as it is machinable, lightweight and corrosion resistant. I looked at multiple methods of manufacturing to decide on the fastest process that can be done with aluminium. Casting the parts using sand moulds before then being machined for accuracy seemed to be the best method at first however after a further bit of research, I came across 3D printing with aluminium. The process is called selective laser sintering. Aluminium powder is distributed in the printing chamber where it is then heated to almost its melting point. The temperature of certain areas are regulated using the laser to raise it where needed. A new layer of powder is then applied, cooled and this continues for each layer as it fuses the powders particles together.
This method is expensive to purchase but has a low cost for each part and it has a high output of accurate products. The production volume should easily be reached using this process. The sand casting and machining process would also be viable if there was enough machines and furnaces at the company to meet the production needs. If the required cast were small enough wax trees could be used to make a large batch for each pour which would reach the volume needed. Due to the housings design they could have been cast as they are not geometrically complex. See Appendix 5 for Cylinder housing design.
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I have decided to use the joints present in the concept design for the gripper. These joints will provide the support and will actuate the jaws when the drive plate is driven. I will be doubling up on the joints to ensure that there is enough strength when gripping and holding items. Due to the strength required I have chosen to use 304 stainless. The joints are simplistic which means that they will not require a complex process to manufacture. Also due to their small size they can be manufactured at a fast rate which is why I have chosen CNC to carry out this task. Computer numerical control (CNC) is a widely used process of mass manufacturing precision components. CNC works in tandem with computer aided design (CAD) to machine the components from the given design.  The CAD design can be downloaded onto the machine which will then convert the data given into G codes, M codes and all other required codes which will then be used for positioning, cutting and drilling out the component. I found that the most viable method of CNC for the joint is the milling process due to the simplicity of the part and due to its shape as it would not be suitable for a lathe. It will require a small number of tools to produce and due to the multiple tools that can be equipped at one time the manufacturing time is decreased as the machine can cycle through the tools for the given task e.g. drilling out the two holes. The only human interaction in the machining process will be the fixing of the stainless steel onto the bed and the changing/equipping of the tools. I feel that CNC has been justified as the best process for this part as it will easily produce the joints at a rapid rate leading to the production goal be achieved. The main cost of this process will be the raw material that needs to be machined. 
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The drive plate will be longer than that of the concept design in order to protect the worm. The plate will be manufactured out of 304 stainless steel for its strength, corrosion resistance and machinability. Due to its cylindrical shape the best method would be to use a CNC lathe however the fixing points for the joints are cubic. Taking this into consideration I believe that the best method of producing the plate is to first turn down the cylinder using a CNC lathe, this will also be used to cut the thread. Then the part will be placed onto a CNC miller for the fixing points to be machined and drilled out according to the CAD design that was inputted. As there are two machines being used for this process they can be used in sequence. Once the lathe has completed its machining the plate will then move onto the milling machine. This allows for another plate to then be machined on the lathe while this process if being carried out. This gives a continuous flow to the manufacturing of the part which will allow for the production target to be hit. See Appendix 6 for Drive plate design.
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The worm will also be made out of 304 stainless as it will need to have a high tensile strength and sheer strength to prevent it from failing under high stresses. The corrosion resistance and toughness od the material will reduce amount of wear received from any dust/debris that manages to get into the thread. As it is a simple design it can be manufactured as a fast rate with little difficulty. Due to its shape and requirement, this being the thread, the best method is to use a CNC lathe. There will be few tools required for changing which also reduces downtime for changing when required. The lathe will effortlessly manufacture enough worms to meet the required production volume. See Appendix 7 for worm design.
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After viewing the concept design, I was able to carry out a DFMEA to determine any features of the gripper that needed to be altered. Following my results, I adjusted the components from the concept design to improve the safety aspects and functionality of certain parts. 
I have used the Lucas DFA method to create an index for manual handling and for assembly/fitting with regards to the concept design. Appendix 2 and 3. This will be compared to the new designs index. 
I focused first on the safety aspects of the gripper as shown in the DFMEA. From the concept design I was able to find certain locations of the gripper than would act as a trapping/pinching point. The first to be adjusted was the cylinder housing. There were two main areas of issue with the housing, these being a slot/gap located beneath the jaws fixing location. There was an unnecessary slot present that could trap a persons fingers and cause an injury if the co-bots arm was to rotate or move. I filled in the majority of the gap but left enough space for the movement of the jaw and rounded off the sharp edge. The worm present within the cylinder was exposed which can lead to either a part or person coming in contact and becoming trapped/tangled in the thread. To solve this is added a plate to the cylinder with a close running fit to allow the drive plate to move whilst keeping the worm guarded. I rounded off each edge as necessary to make it as user friendly as possible and prevent injuries.
I adjusted the drive plate by extending its length so that the worm is not exposed at any point of the opening and closing process. This worked in tandem with the adjusted worm as I shortened it to prevent it from being unprotected by the cylinder housing. The thread of the drive plate was extended to go through the entirely of it meaning that the thread was in contact between the worm and plate throughout the gripper’s actuation. The top of the plate was sealed off to prevent dust from entering the thread and causing wear. 
I added three more joints to the design to provide more support to the jaws. Due to the space taken up by the new joints they were clashing so I reduced their thickness by half. As they were now stainless steel they provided more strength against any extra tensile and sheer stresses applied.
I changed the shape of the jaws to allow for more surface area to be in contact with the parts/components being held. I rounded the sharp edges of the jaw and tip to make is safe to handle. I changed the tip of the jaw to have a larger surface area by adding a flat tip of 7mm which would provide more friction and contact to the components.
After these alterations I reassembled the design which is then when I realised that the joint and worm methods of opening and closing the jaws were not suitable for the desired outcome. Depending on the width that the jaws were open there was only one point at which they would have a full length of the new jaw tip in contact which was at the minimum grab capacity. 
After this I realised that the design alterations that I made would improve the concept design but would not achieve some of the specification. I then reconsidered the design of the gripper and its method of actuating the jaws. I came to the conclusion that the jaws would work better if they closed in a linear fashion instead of an arcing motion. 
I worked out that the best method of getting this motion in a symmetrical manner would be to have three jaws with a threaded bottom that slot into a slideway of the cylinder housing. Beneath this a scroll would be present which would catch the thread of the jaw on its rotation and would draw in all three simultaneously and being self-centring. This scroll would have teeth on its opposite site that would mesh with a gear on a shaft driven by the motor. Although this method is more complicated and would increase the time for assembly it would allow for an even and larger contact area on the parts. 
The same methods of manufacturing these parts would be the same such as CNC. The scroll and gear would be easily machined using a CNC lathe and milling machine. The jaws would be changed easily simply by rotating the scroll past the set limits for maximum opening so that the thread is free from the scroll. These jaws would be shaped differently and out of different materials depending on the components being held to give the best possible grip to them. The gear will need to be made from a softer material than the scroll such as brass against the stainless-steel scroll so that it does not damage it and caused wear. The gear would then be a consumable for the gripper as it is easier to manufacture that the scroll.
This new design would give a wider opening for the gripper depending on the jaws that are fitted which would increase the variety and flexibility of what components can be held and moved. The new housing for the scroll, gear and jaws would still be made from aluminium due to its properties and MIM method of manufacture as this would aid in reducing manufacturing times.
I believe that even though it a more complex design than the original concept and my adjustment it could still be manufactured to the production target using a production line of CNC machines for the fabrication of the components. 
I will be continuing this study using my original alterations as I believe that they will still improve the concept design and for continuity purposes. I do however acknowledge that the scroll-based design would be the best suited for the future development of the gripper.
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Given the new design it is relatively simplistic as there are few requirements need for it to function efficiently and safely. The components present in the gripper are the joints, jaws, cylinder housing, worm, motor and drive plate.
The gripper should be assembled in the following stages. First the worm is fitted into the motor. This worm is the presented through the central hole at the base of the housing. The cylinder housing is then bolted onto the motor using the four M3 bolts and threading them into the holes at the base of the housing.
Next the drive plate is screwed onto the worm until it reaches it limit, which is when it touches the base of the worm. This will be for the positioning of the jaws during the assembly. The six joints are then fitted on the on the drive plate and are held in place using three stainless steel M2 dome head bolts with three domed nylon locking nuts. These prevent the bolt from coming loose and have no sharp edges. As they are stainless, they have a high sheer strength which reduces the risk of them failing during use.
The jaws are then attached onto the gripper by bolting it to the fixing locations present on the housing. These are then bolted using three M2 dome head bolts and a then threaded into the fixing. The joint is then bolted onto the jaw using the domed bolt and nuts again. 
To ensure the accuracy of the threads involved during manufacturing the CAD drawings will need to be inspected to ensure there are no discrepancies. A sample worm will need to be inspected after every 25 units to ensure that the thread is in good quality and matches the one present in the drive plate. 
All components will need to be inspected to ensure that there are no sharp edges present or if there are any visual defects. 
When using the MIM process shrinkage will need to be considered. Components being manufactured by the MIM process will be designed to be larger by 20% as the component will shrink during as it cools. 
The full CAD design for the new design can be found in Appendix 8.
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From my initial viewing of the concept design, I could see that it could use modifying to make it more suitable for its intended purpose. There were many health and safety issues present with the concept design that needed to be rectified. The majority of the components had sharp edges which could have inflicted an injury to anyone that came in contact with the gripper. A slot was present in the cylinder housing that served no purpose to the design and the functionality of the gripper. The worm was exposed which could have also resulted in an injury or damage to components. Also, it would have been susceptible to wear as the thread was not guarded, this was an issue as it presented a trapping point between the housing and the drive plate. The original jaws have very little surface area that would be in contact with the parts being held which could result in them being dropped or thrown. 
The DFMEA that I conducted out identified each of these risks and allowed for me to upgrade their designs to become safer and further its efficiency in acting out its tasks. I also made a fitting and handling index for the concept design.
The upgraded design allowed for me to assign newer manufacturing methods to them which would increase their production rate such as MIM. I opted for CNC for the majority of the components as it provides a fast method of manufacturing due to the tool selection and the ability to use CAD designs as an input for the coding of the machine. The methods chosen will allow for the target production volume of 1000-2000 weekly units to be hit. 
I also found that an alternative design that uses a scroll and gear to actuator the jaws would be a far better solution to the problem present in the concept design. It would allow for the jaws to have a large surface area in contact with the parts whilst the jaws are completely interchangeable depending on the part being held.
Overall, I can see that the alteration that I made reduced the risk present in the concept design as shown in its DMFEA. The indexes show this as originally the handling was rated as 3.5 and the fitting was 9.6. After the new design the rating are 1.6 for handling and 6.2 for fitting which proves that the alteration has made a beneficial difference to the design. See appendix 9 and 10 for new design indexes.
[bookmark: _Toc75210564]References
Bibliography
Aalco, 2020. Ferrous and Non-Ferrous Metals Stocklist. [Online] 
Available at: https://www.azom.com/article.aspx?ArticleID=2863#:~:text=Reflectivity%20of%20Aluminium%20%20%20%20Property%20,%20%20FCC%20%209%20more%20rows%20
[Accessed 10 June 2021].
M.Kovacic, et al., 2005. Evolutionary programming of CNC machines. Journal of Materials Processing Technology, Volume 164-165, pp. 1379-1387.
Monroe, 2020. What is metal injection molding?. [Online] 
Available at: https://monroeengineering.com/blog/what-is-metal-injection-molding/
[Accessed 10 June 2021].
Reed, B., 2016. Advantages of CNC over Conventional. [Online] 
Available at: https://www.fairlawntool.com/blog/advantages-cnc-machines/
[Accessed 12 June 2020].
Reference, 2020. What Are the Properties of Mild Steel?. [Online] 
Available at: https://www.reference.com/world-view/properties-mild-steel-6215125a7a60570c
[Accessed 10 June 2021].
Schwartz, J., 2016. Injection Molding Best Practices. [Online] 
Available at: https://revpart.com/draft-angles-for-injection-molding/
[Accessed 20 June 2021].
Thomas, 2019. Understanding CNC Machining. [Online] 
Available at: https://www.thomasnet.com/articles/custom-manufacturing-fabricating/understanding-cnc-machining/
[Accessed 12 June 2020].



















[bookmark: _Toc75210566]Appendix
Appendix 1
[image: ]
Appendix 2
[image: ]



Appendix 3
[image: ]
Appendix 4
[image: A picture containing sky

Description automatically generated]








Appendix 5
[image: ]
Appendix 6
[image: Diagram

Description automatically generated with low confidence]

Appendix 7
[image: A picture containing light

Description automatically generated]

Appendix 8
[image: A picture containing text

Description automatically generated]

Appendix 9 
[image: ]

Appendix 10
[image: ]
2 | Page	

image4.png




image5.png




image6.png




image7.png




image8.png




image9.emf
Very small - requires tool 1.5

Convenient - hands only  1

Large and/or heavy - requires more than one hand  1.5

Large and/or heavy - requires hoist or two people 3

Delicate 0.4

Flexible 0.6

Sticky 0.5

Tangible 0.8

Severely nest 0.7

Sharp/abrasive 0.3

Untouchable 0.5

Gripping problem/slippery 0.2

No handling difficulties 0

Symmetrical - no orientation required 0

End to end - easy to use  0.1

End to end - not visable 0.5

Rotational symmetry 0

Rotational orientation - easy to use 0.2

Rotational Orientation - Hard to see 0.4

1.6

D Rotational symmetry

Handling Index

Handling Index

Size and weight of parts A

B Handling difficulties

C Orientation of part


image10.emf
Self holding orientation  1

Requires Holding  2

Self securing  1.3

Screwing 4

Riveting  4

Bending 4

Straight Line from above  0

Straight Line not from above  0.1

Not a straight line 1.6

Single 0

Mulitple 0.7

Similtaneous muliple 1.2

Direct  0

Restricted  1.5

Easy to align 0

Difficult to align 0.7

No resistance  0

Resistance 0.6

6.2

Fitting index 

C Insertion

D Access and/or vision

E

F

Alignment

Rotational Orentation

A

Part placing and fastening 

One of the following

Fitting Index

B

Process direction                

All that apply


image1.emf
Open section of cylinder 

Gripper 

Housing 

Remove the gap 

4

2

1

5

5

Aron-Rhys Jones 

2017757

Trapping point on 

cylinder 

Fingers can get 

trapped or pinched 

10 7 N/A 4 280 3

160

168

Add aditional 

support to the jaws.

Find alternative 

method of actuating 

the jaws/protect the 

thread.

Alternative fastening 

solutions.

5 350

Alter the design of the 

jaws to provide more 

surface area and grip.

N/A

N/A

N/A

8

5

8

432

180

Not enough surface area of the 

jaws in contact with the 

components to provide enough 

frcition to grip.

The single joint on one side of 

the jaw may not be enough to 

support the weight applied.

The worm can be worn and 

break due to fatigue caused by 

excess stresses and forces. 

Lifting components that are too 

heavy.

fastenings can become 

loose due to improper 

torque settings  

7

6

4

3

N/A

9

8

7

The jaws will be unable 

to hold the componets. 

Any components being held 

will be dropped if the thread 

snaps, damging 

components or resulting in 

injury.

Parts can fall off of 

the gripper e.g jaws 

causing injury.

N/A 5

Find alternative 

method of actuating 

the jaws/protect the 

thread.

Grip and 

grabbing the 

components 

Loss of grip on 

components/ dropped 

components

Lack of grip/control 

for jaws/fingers if 

joint breaks

Worm snapping

fastenings coming 

loose

Components will be 

dropped, becoming 

damaged or injuring 

employees.

10

Design Failure Mode and Effects Analysis of Gripper Concept Design 

Actuation of 

the gripper 

jaws 

Thread on the drive 

plate  damaged/ 

stripped

Worms thread 

damaged/stripped

Damages to 

machinery or injury 

to employees due 

to loss of control 

and grip when the 

jaws open and 

close.

9

The thread can become 

worn and break due to 

fatigue caused by excess 

stresses and forces being 

placed on the 

component.

4

Occur

Current 

Process 

Controls

Detect

R

P

N

Recommended 

Action(s)

Rank

Process 

Function

Potential Failure 

Mode

Potential 

Effect(s) of 

Failure

Severity Potential Cause(s)/ 

Mechanism(s) of 

Failure


image2.emf
Self holding orientation  1

Requires Holding  2

Self securing  1.3

Screwing 4

Riveting  4

Bending 4

Straight Line from above  0

Straight Line not from above  0.1

Not a straight line 1.6

Single 0

Mulitple 0.7

Similtaneous muliple 1.2

Direct  0

Restricted  1.5

Easy to align 0

Difficult to align 0.7

No resistance  0

Resistance 0.6

9.6

Fitting index 

C Insertion

D Access and/or vision

E

F

Alignment

Rotational Orentation

A

Part placing and fastening 

One of the following

Fitting Index

B

Process direction                

All that apply


image3.emf
Very small - requires tool 1.5

Convenient - hands only  1

Large and/or heavy - requires more than one hand  1.5

Large and/or heavy - requires hoist or two people 3

Delicate 0.4

Flexible 0.6

Sticky 0.5

Tangible 0.8

Severely nest 0.7

Sharp/abrasive 0.3

Untouchable 0.5

Gripping problem/slippery 0.2

No handling difficulties 0

Symmetrical - no orientation required 0

End to end - easy to use  0.1

End to end - not visable 0.5

Rotational symmetry 0

Rotational orientation - easy to use 0.2

Rotational Orientation - Hard to see 0.4

3.5

D Rotational symmetry

Handling Index

Handling Index

Size and weight of parts A

B Handling difficulties

C Orientation of part


