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INTRODUCTION

I am currently employed as a Design Engineer for a company that designs and manufactures End-Effectors compatible with co-bot systems.  A client has approached us with a request to design and manufacture a 3-Jaw Gripper end effector which will be utilised on their manufacturing co-bot systems.  They requested that the end effector be robust, operate in tough conditions, and quick to change, to be utilised for a specific pick-and-place application in their assembly process.
 
Working off our existing concept design, I have been tasked with developing an end-effector suitable for the clients’ needs and to develop efficient manufacturing methods to produce the unit in large quantities.  After initial discussions with the client, and further potential to supply their competitors, manufacturing volumes are estimated to be in the region of 1000-2000 units a week.

This assignment will include my design activity, along with my final design documentation which will include the following detail: 

Concept Design Appraisal 
To ensure I develop and create a product that fully suits the clients’ demands, I will make use of quality tools learnt in his module such as a Quality Function Deployment and Design Specification.  I will review/appraise our existing product and develop it further to improve efficiency in manufacture and assembly.

Manufacturing Process Proposal
My proposal on the manufacture and assembly of the product, and I will justify (by means of technical explanation) why I selected the specific manufacturing process for production. 

Design and Development Work Undertaken 
I will detail any specific techniques or methods I have opted to use to generate new features, and will document my design for ‘X’ evaluation techniques or considerations. 
Again, I have used tools learnt in this module to help develop and improve the product.

Manufacturing Process Design
This will outline the production process layout and sequence, i.e. the process flow.

Conclusion
Finally, my conclusion and recommendations.








DESIGN CONCEPT APPRAISAL


The client

The client is Celsa Manufacturing, a large steel manufacturer in Cardiff, providing reinforced bar and angled sections for construction projects in the UK and the EU.  They produce 1.2 million tons a year of reinforced bar and angled section, and in addition to that, they have 7 sister plants in the EU that produce similar output quantities.  


Current Process

In all processes, they have an issue with an application that involves a Production Operator manually fixing traceability labels to steel pins, and then attaching the steel pins to the bundles of reinforced bars/angled sections (photo overleaf).

At this stage of the process, the product is in its final form and has been weighed on the automatic weighbridge.  The first production operator will print off a traceability label, check the information and manually attach it to a small steel pin.  The second operator will ‘spot weld’ the steel pin to a bar in the bundle.  Due to the temperature of the material ranging from 300-400 degrees (depending on product size and ambient temperatures), the operator must wear thick gloves to protect their hands from the hot material.  They must also wear a welders mask (or goggles) to protect their eyes from the weld arc produced.

The labels/pins can’t be prepared beforehand because the weighbridge prints them off each time it weighs a bundle; weights vary so each label is unique.  So one operator prepares the label, and the other operator spot welds it to a bar in the bundle.
The speed at which the bars/sections are manufactured and weighed, one operator doesn’t have time to perform both tasks, as in remove their gloves and welders mask to attach labels to pins, then refit the gloves and mask to weld the pins to hot bars, so they utilise two operators at this stage in the process.


Proposed improvement

In an attempt to improve safety, maximise outputs and reduce costs, the client wants to reduce this operation to a single operator.  And as the welding of pins to hot steel product is the greater hazard of the two tasks, their proposal is to fully automate this task by using a cobot system with “grab and place” end effector, thus eliminating the operators interaction with the hot steel product.

The clients has approached us to design and manufacture an end effector that will pick up an steel pin sitting in a fixture (with traceability label already attached), and insert it into a bundle of bars/angled sections.  The new steel clip is a length of steel wire, 150mm long, 2mm diameter, with the front end bent backwards to create an ‘arrow’ head, which holds the steel pin in the bundle by trapping it in-between the tightly packed bars/sections.  Photos below (note: all photos below are sourced from my own personal collection, nothing taken from the Internet).

This new method of attaching traceability labels to bundles not only satisfies the clients primary goal of eliminating an operator from this work station, but it removes the significant hazard of on operator working on hot steel product, and also completely removes the ‘archaic’ process of spot-welding clips, saving money on maintenance of notoriously unreliable equipment!


Current process of spot welding pins to the end of bars in a bundle:
[image: ]



‘Archaic’ spot welding units, to be replaced by new proposed method of inserting pins into bundles with an end-effector fitted to a co-bot system:
[image: ]



Proposal to insert a pin in-between bundles, secured by the front end of the pin being bent backward to form an ‘arrow head’ which becomes trapped in-between the tightly packed bars/sections:
[image: ]


Demand is high, in Cardiff they produce 600,000 bundles a year and each bundle has 2 traceability labels, so the end-effector will need to execute 1.2 million cycles a year!  That’s just for the Cardiff site; if successful then there is an opportunity to supply the 7 other Celsa sites in the EU.  

And it doesn’t have to stop there, there are many other steel producers in the UK and the EU, producing significantly high volumes of steel:

“In 2019, the UK produced 7 million tonnes of steel, the EU produced 157 million tonnes of steel in 2019, 8% of the world total. The UK (then still an EU member state) was the eighth largest steel producer in the EU, after Germany, Italy, France, Spain, Poland, Belgium and Austria.”

(Hutton, 2021)


If our product proves a success at the Cardiff site, there is opportunity to supply all their sites in the EU, plus we can approach other steel manufacturers in the UK and EU with a proven port-folio that our product has a proven success rate in similar working conditions.




























Appraisal of our current End-effector

End-effectors are ideal for a wide range of ‘pick and place’ applications, they are used in a wide range of applications, from simple industrial warehouse operations to specialist military tasks (such as disarming bombs).  They are also commonly used in many manufacturing sectors and can operate in dirty, hazardous environments, so there is an opportunity to make a huge positive impact on the clients objectives.

We currently manufacture and supply a 3-jaw end effector, and I will be modifying this existing product to suit the clients needs.


How our end-effector works

The electrical motor rotates its output shaft when it receives a power supply.  The motor output shaft is connected to a worm-screw, which rotates when the motor output shaft rotates.

When the worm-screw is rotating, the drive plate traverses up and down the worm-screw by means of its thread.  The drive plate it is not fixed to the assembly body; it moves freely up and down the worm-screw when it is rotating.

There are 3 link-arms connected to the drive plate, and the other end of each link-arm is connected to a jaw.  So when the drive plate traverses up and down the rotating worm screw, the link-arms are moving the jaws.  

The base of each jaw is fixed to the cylinder by a clevis and pin. So with the jaw base fixed down, as in its fixed one end like a lever, the link arm pulls/pushes the jaw in/out.  This is how the 3 jaws open and close, in unison with each other, in sync with each drive plate traverse movement.

















Assembly

Our 3-jaw end-effector is produced using 38 components. It consists of:
· 3 jaws, 
· 3 link arms, 
· 1 cylinder, 
· 1 electric motor, 
· 1 worm screw,
· 1 shaft,
· 1 drive plate,
· 14 nuts,
· 13 bolts.


Drawing of assembled unit.
[image: ]   [image: ]



Drawing of shaft/worm-screw/drive plate	       Drawing of electrical drive motor
[image: ]     [image: ]












Jaws

The 3-jaws pick or grip components, they are actuated by the link-arms.  All 3 move in sync with each other as the 3 link arms are connected to the drive plate which moves up and down its worm-screw.  The jaws are moving parts, forces are acting upon them when they move and when they grab.  They suffer wear and fracture more than any other component of this assembly.  They can be manufactured to suit the end-users’ application.  
In this case, they need to pick up 2mm pins and insert them into bundles.  They will be working in close proximity to hot steel, so any polymer is ruled out.  Aluminium or steel will be used to make the jaws.  There will also be frictional forces acting on the holes, these will be looked at in the design of the jaws.


[image: ]	[image: ]  




Link-arms

One end is fixed to the traversing drive plate; the other end is fixed to a jaw.  Forces are exerted across the length of the link-arm when in movement, the holes are not bushed.  
[bookmark: _GoBack]Similar to the jaws, they will need to be made out of aluminium or steel due to the environment they’ll operate in.  Due consideration will be needed regarding the holes, whether they’re bushed or not.  Holes will be drilled the same diameter as all other holes in to allow for standardized bolts.  However, the design stage will look at eliminating this link arm, ideas are being floated around that the jaw could be re-designed incorporating a piece acting as a link arm.



[image: ]	 [image: ]





Cylinder

The only component that doesn’t move!  It is the body of the end-effector, with the motor fixed to one end, and the jaws fixed to the other end.  It houses the shaft, worm-screw and the drive plate.  This product will also need to be made from aluminium or steel due to the environment it operates in.  As part of the body, the rim of the cylinder supports 3 clevises for the jaws to be fixed to.  The holes in these clevises will be the same diameter as the other holes to allow for standardized bolts.  And there are 4 holes in the base to accommodate the electric motor.


[image: ]	[image: ]		[image: ]




Drive Plate

When the worm-screw rotates, the drive plate traverses up and down its shaft.  This operates the x3 link arms, they are all connected to the drive plate so when the drive plate moves, the link arms push or pull the jaws in and out.
This unit will be made out of the same material as the cylinder, link arms and jaws.  The intention is to reduce manufacturing costs by procuring the same materials in bulk. 


[image: ]	[image: ]









Motor

Mounted to the rear of the assembly, connected to the worm screw, when energised it rotates the worm screw.  This unit will be purchased as a full assembly.  It is cheaper to source this unit from an external supplier than to manufacture it.  We will specify certain characteristics for the motor, such as its output power, length of output shaft, operating voltage, and where the mounting holes need to be drilled for mounting it to the rear of the cylinder body (which will be reviewed in the Design for Assembly).


[image: ]	[image: ]




Shaft and Worm-screw

The (motor output) shaft rotates when the motor is energised, which turns the worm-screw.  Consideration will be given to approaching the supplier of the electric motor to include this shaft in the assembly of the motor, even perhaps extend it and thread it to replace the worm-screw too. If they can do this, and we agree a price, then removing the shaft and worm-screw from our own manufacturing process will give us significant savings on time and costs.  The worm-screw will be made from the same material as the other components.


Motor output shaft
		       
[image: ] 


Worm-screw, view from motor and drive plate ends

 [image: ]	[image: ]

Quality Function Deployment (QFD)

So in order to satisfy the requirements of the client, a Quality Function Deployment was performed to ensure that our design falls in line with what the client needs.  A screenshot of the QFD is below, if needed I can forward the Excel file to review the detail.

I opted to use a template sourced from an internet website called coursehero.com, blank template designed by an author named Chris Battles.


[image: ]
[image: ]

(Battles, 2011)


The importance of each of the customers’ requirements is depicted in the QFD by a weighting factor in the Weight/Importance column, a scale of 1 to 11 was used, 11 being the most important, and 1 being the least.  From detailed discussions with the customer, we established the weighting values based on their detailed description of the task and working environment the End Effector will operate.
Customer requirements with a weighting value of 9-11 were considered to be indispensable, so if a concept failed to satisfy these requirements, the concept would (and could) not be considered as a suitable solution. 


Design Specification

When designing a product, we need to conduct a Design Specification which is a list of specific criteria that we need to review.  At the beginning all we have is a brief, but we can use that to begin our research, apply key principles which will fine tune the development and design of the final product.

It can serve as a useful guide to the design team to ensure that nothing is ‘left out’ or simply missed when developing the product.

The Design Specification will determine if:
· The product can be manufactured, 
· Will it work to expectations, 
· Will it sell, 
· Will it conform to commercial legislation.

I have undertaken a Design Specification, using a suggested template from our course module notes: Design Specification, page 18.  I have populated the template outlining the customer’s requirements in terms of demands and expectations.  With regard to the working environment, the end effector must operate in a dusty environment, with ambient temperatures reaching 40-45 degrees.


[image: ]

(Morgan, 2021)








Failure Mode and Effect Analysis (FMEA)

A Failure Mode and Effect Analysis was completed as part of the design phase, to ensure we cover all potential failures and our control measures to help avoid them.


[image: ]
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(Morgan, 2021)














Design Efficiency

Before I start to consider the Design for X stages (e.g. Design for Manufacture, assembly, reliability, maintainability, etc), I need to look at all the components of our concept, review the efficiency of the design, and look to improve the overall efficiency.

I will use the DFA Component Appraisal chart, taken from our lecture notes on Moodle:

[image: ]

(Morgan, 2021)


As listed in this assignment, the full list of components are below, which I’ve run through the Design Efficiency chart to determine if its an A or a B part:

1. Jaw			A
2. Jaw			A
3. Jaw			A
4. Link arm		B
5. Link arm		B
6. Link arm		B
7. Drive plate		A
8. Cylinder		B
9. Worm screw		A
10. Output shaft		A
11. Electric motor		A
12. fourteen nuts		B
13. Thirteen bolts		B


The Design Efficiency is calculated by dividing the number of essential parts by the total number of parts.


	   A      x  100  =  %
	A + B


Therefore, we have a total of 10 essential (A) parts, divided by a total of 38 parts.


	    7     x  100  =  18.4 %
	   38



Our current concept is 18.4% efficient.






























MANUFACTURING PROCESS PROPOSAL


Jaws

Due to the clients application and working environment, the jaws will be made of steel (cheaper than Aluminium).  The ambient temperature is warm and therefore very little moisture in the atmosphere, and there is no process water at the weighbridges, so there is no concern for oxidation forming on the steel surface.  Plus, it is the expectation of the client that each end-effector will last at 4-5 continuous days in production, which far exceeds the labour costs of a Production Operator, and it doesn’t give the steel jaws enough time to oxidise!

The jaws will be machined from steel plates supplied in raw material form, using a standard CNC machine with a bed to secure a tool/fixture in place, such as a Fanuc Robodrill.  I chose this method as the Fanuc Robodrill has a turret that holds many types of tools, and can shape and drill the jaw component in little time with no human intervention at this stage. Once machined, the operator will perform quality checks determined in the FMEA.

There is one major and one minor design alteration to the jaws.

The minor change is the tip of the jaw will have a ‘flat’ machined into it, so that the 3 jaws can pick up the pins.

The major change is they will be machined to incorporate the link arm.  This will remove the need for the 3 link arms, as they’ll be part of the jaw component.  This is also remove the need for 3 bolts and 3 nuts.  Holes will be drilled by the CNC Robodrill to 6mm.




















Cylinder

The cylinder will remain unchanged it terms of design.  It will be supplied in a raw material form, forged to a shape where we won’t need to remove much material.  It will be made of mild steel and machined on a CNC lathe, so that all the clevises remain part of the cylinder structure.  Once machined, the operator will perform quality checks determined in the FMEA.


[image: ]	[image: ]		[image: ]




Drive Plate

The drive plate will remain unchanged.  I did consider making some changes to the clevises, but it started to become too complicated.  It will be machined out of mild steel, from ‘bar stock’. Our supplier will supply long lengths of bar stock and we will cut ‘discs’ from the bar to machine the drive plate from them.  This is help us keep our purchasing costs down.  It will be machined on a CNC lathe.  Once machined, the operator will perform quality checks determined in the FMEA.


[image: ]	[image: ]










Motor

The electric motor will be bought in from a trusted supplier, manufactured to the size and output power determined by us.

One major change to the motor, we will specify that the motor must have an extended output shaft, length equivalent to the total length of the output shaft and worm-screw.  It will be threaded to take an M5 nut, like the illustration below.  This will eliminate both the output shaft and the threaded worm-screw from the design, saving us costs on materials, machining and assembly costs.

Another change to the motor, we will specify that the end which mates with the base of the cylinder, has permanent clip-fasteners as part of the motor housing.  So when we ‘push’ the motor onto the base of the cylinder, the clip-fasteners will enter the cylinder holes and ‘clip’ in, securing the motor in place.  This eliminates x3 bolts and also saves on labour time trying to screw small bolts.


   [image: ] 		[image: ]



Nuts & Bolts

We will source a supplier to provide all the nuts and bolts made from mild steel, and all of the same size.  We will select a standard M5 nut and bolt to keep costs low, and we will buy in bulk supply.

Because we re-designed the jaw to incorporate the link arm, and we have specified the motor housing has clip fasteners, we now need x7 less nuts and x7 less bolts.  So the total amount of nuts and bolts needed for each assembled end-effector is:

· X3 of each to secure the jaws to the cylinder body,
· X3 off each to secure the jaws to the drive plate.

Plus there is 1 extra nut in the assembled end-effector, this is for the end of the threaded shaft, to prevent the drive plate from coming off the end of the bar when it rotates.  It is a mechanical limit that will be tack-welded onto the end of the shaft after the drive plate has been screwed on.

Design Efficiency (re-visited)

Recalling info from earlier, our previous assembly scored an efficiency calculation of 18.4%.

Now we’ve reduced some of the components, we can re-calculate the efficiency:

1. Jaw			A
2. Jaw			A
3. Jaw			A
4. Drive plate		A
5. Cylinder		B
6. Electric motor		A
7. Seven nuts		B
8. Six bolts		B


Calculation:

	    5     x  100  =  26.3 %
	   19


The design efficiency has increased by just under 8% to 26.3%, a significant improvement.
























PROPOSED PRODUCTION PROCESS


The basic proposal is split into 2 phases, machining and assembly.


Machining section:

[image: ]




Assembly section:

[image: ]











CONCLUSION

After appraising our end-effector and re-designing it based on information gathered from:

· Quality Function Deployment chart
· Design Specification Chart
· Failure Mode & Effect Analysis
· DFA Component Appraisal chart

I have developed a cost effective and easy-to-assemble end-effector that will satisfy the needs of the client.  We can manufacture them for a reduced cost, which will benefit the client and assist them in the removal of a Production Operator from a hazardous task.

The tools I have used in this assignment has helped me understand the clients priorities, and also helped me re-design the product to be more efficient.



Environmental Impact

I have made the product from mostly mild steel components, which are widely re-cycled.  The motor can be stripped from the cylinder and also re-cycled, or returned to supplier to be re-wound.  There are no parts of this design that are not recyclable.
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