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SGEL6000 Independent Project      2020-2021 
DOUBLE MARKING SHEET AND COMBINED STUDENT FEEDBACK 
Assessment 3 of 4 
Assignment 2: Project Design, implementation and evaluation 
 
Student Name: Sean Jones          Student Number 1602826 
 

Generic Assessment Criteria  
Marks 
availab

le 

Ist 
Marker 

(RD) 

2nd 
Mar
ker 
(MH

) 

Agree
d 

Mark 

1. Engagement with Literature Skills.     
Section 3: Judicial use and critical evaluation of technical literature in the design of 
the project: 

Good evidence of use of literature in the design process, all design decisions 
appear to be well informed. 

Technical data came from many sources (Trabesinger, Staubli, Omar, RS, 
Schneider, Jones, IFM etc), but it wasn’t clear how you evaluated the credibility of 
these sources. 

5 4 3 4 

Section 4: Extent of reading, range of credible sources and use of Harvard method: 

A wide range of sources have been consulted and cited. 

A good range of sources were listed in the reference list, but not always using the 
Harvard convention. In text citations were excessive at times and were used to 
quote a single value, when a screenshot of a datasheet would have been more 
informative. (see p7 of your report) 

5 3 3 3 

Total 10 7 6 7 

2. Knowledge and Understanding Skills     
Section 3: Advanced knowledge and critical understanding demonstrated in the 
design of the project: 

There is good evidence of advanced knowledge in the design of the system and the 
safety requirements in order to ensure compliance with regulations and standards. 

You have demonstrated good technical knowledge throughout the project, however 
you have also underestimated the amount of time much of the work would take, 
resulting in an unfinished project. 

10 7 6 7 

Total 10 7 6 7 

3. Cognitive and Intellectual Skills     
Section 5: Testing and analysis of result: 

There is good evidence of testing and analysis of results. 

Testing of the parts of the project that you did complete was carried out, however 
your test schedule was devised more like a checklist of tasks left to complete rather 
than an evaluation of correct functionality. You were also vague on outcomes with 
statements such as `The camera gave the correct output every time` and `The 
robots function effectively didn’t work` 

10 7 6 7 

Section 5: Critical evaluation of the project outcomes: 

The project has been critically evaluated in part and an honest report given of 
where it went wrong or how the original plan was weak. You have clearly learned a 
lot from this process. 

10 6 5 6 

Agreed mark 

65 
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Not all of the requirements of the FDS were evaluated, in fact some were even 
changed.  Wider issues such as H&S and ethical engineering only received cursory 
mentions. 

Section 6: Conclusions and recommendations: 

A good section with many conclusions and recommendations for the project and 
your method of planning and design. 

You have concluded more about your own performance, rather than that of the 
project and admitted that planning was poor and no contingency was planned for. 
Recommendations for future development were suggested such as a `tracking 
picking method` 

10 6 6 6 

Total 30 19 17 19 

4. Practical Application Skills     
Section 3: Formulation of innovative and creative design solution to the project 
problem: 

The project shows a high level of thinking and creativity in the design of the 
hardware system and software programming. 

The chosen solution appears to be valid, although without a working project this is 
difficult to state definitively. 

10 7 6 7 

Section 4: Deployment method, use of material, tools, equipment and techniques in 
the construction of the project: 

Excellent methods deployed. Professional approach adopted to electrical design 
and software programming is evident. 

The report lacked photographs showing the work carried out and this aspect wasn’t 
described in detail either. 

5 4 3 4 

Section 4: Quality of the final product or system: 

Good quality panel build and system layout. The programme is well written and the 
visual look of the system is good. 

Final product was not completed, however the work that was completed is of a good 
standard 

10 6 6 6 

Section 5: Use of test equipment and presentation of results of the project: 

Satisfactory use of testing methods, results shown in the appendix but the final 
system is incomplete. 

The test schedule had vague success metrics and a simple tick or cross to show 
success or failure respectively. 

5 3 3 3 

Sections 3 and 5: Management of the design process: 

The design process was not well managed but reviewed using flow charts, timing 
chart and costing sheets. 

This was generally poor with Gantt charts, flow charts and WBS that lacked clarity 
and contingency 

5 2 2 3 

Total 35 22 20 22 

5. Transferable Skills for Life and Professional Practice     
Sections 1 and 2: Executive summary, acknowledgements and introduction: 

Summary should contain an overview of all that was done not just an evaluation of 
the end product. Good introduction but no acknowledgement section. 

The Executive Summary and Introduction were both brief and vague.  No 
acknowledgements were included. 

5 2 2 2 
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All Sections: Quality of the report: 

Well structured, good diagrams and images. Style is mixed and there are numerous 
spelling, punctuation and grammatical errors. Much of what has been said belongs 
in a log book and should have been summarised. Reads too much like a long story 
with things that went wrong inappropriately included. 

The report was difficult to read at times, with a lot of information hidden away in 
external sources (referenced) and in the appendices. 

5 3 3 3 

Word count: 

Not exceeded. 5 5 5 5 

Total 15 10 10 10 

     

Grand Total 100 65 59 65 
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Good Structure where are
the
acknowled
gements?





This is supposed to be a
summary

This shows the importance of developing a more accurate FDS. You
have learned that projects should be front loaded to avoid failure at
the end.





compatible

Correctly cited

This is a planning chart not a design, it
belongs as part of a work break down
structure (RD)

Correctly cited



Use of 11pt Arial, full justification with 1.5 line spacing allows easier reading and marking

Correctly cited

Punctuation Error





Use of 11pt Arial, full justification with 1.5 line spacing allows easier reading and marking



There is too much detail here on each part of the
design (RD)



This is a useful
flow chart (RD)





There is too much implementation detail here,
reads like a long story



This layout is
much easier to
read (RD)

Too much detail, fixed faults do not need to be mentioned (RD)



Much of this detail belongs in a log book
(RD)



Punctuation Error









You have clearly learnt much from doing this project from better
planning and costing to better time management and up front
designs. (RD)



Good range of sources





Your design process has been well informed by research and
consultation with manufacturer's literature RD)
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PAGE 2

Good Structure

Report is structured exactly as stated in the assignment brief.

Text Comment.  where are the acknowledgements?

PAGE 3

PAGE 4

Text Comment.  This is supposed to be a summary

Text Comment.  This shows the importance of developing a more accurate FDS. You have
learned that projects should be front loaded to avoid failure at the end.

PAGE 5

PAGE 6

Text Comment.  compatible

Correctly cited

Citation method conforms to Harvard standard, well done.

Text Comment.  This is a planning chart not a design, it belongs as part of a work break
down structure (RD)

Correctly cited



QM

QM

QM

QM

Citation method conforms to Harvard standard, well done.

PAGE 7

Use of 11pt Arial, full justification with 1.5 line spacing allows easier
reading and marking

Your presentation could be improved making the text easier to read and mark.  Your tutor
will then be able to add comments between lines

Correctly cited

Citation method conforms to Harvard standard, well done.

Punctuation Error

Punctuation error

PAGE 8
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Text Comment.  Too much detail, fixed faults do not need to be mentioned (RD)



QM

QM

PAGE 15

Text Comment.  Much of this detail belongs in a log book (RD)

PAGE 16

Punctuation Error

Punctuation error

PAGE 17

PAGE 18

PAGE 19

PAGE 20

Text Comment.  You have clearly learnt much from doing this project from better
planning and costing to better time management and up front designs. (RD)

PAGE 21

Good range of sources

You have demonstrated reading from a good range of sources shown by your list below

PAGE 22

PAGE 23

Text Comment.  Your design process has been well informed by research and
consultation with manufacturer's literature RD)

PAGE 24

PAGE 25

PAGE 26

PAGE 27

PAGE 28

PAGE 29

PAGE 30

PAGE 31



PAGE 32

PAGE 33

PAGE 34

PAGE 35

PAGE 36

PAGE 37

PAGE 38

PAGE 39

PAGE 40

PAGE 41

PAGE 42

PAGE 43

PAGE 44

PAGE 45

PAGE 46

PAGE 47

PAGE 48

PAGE 49

PAGE 50

PAGE 51

PAGE 52

PAGE 53

PAGE 54

PAGE 55

GRADING FORM: NEW CSG-RUBRIC



7

1. ENGAGEMENT WITH LITERATURE

7

2. KNOWLEDGE AND UNDERSTANDING

19

3. COGNITIVE AND INTELLECTUAL

SEAN JONES 65

Section 3: Judicial use and critical evaluation of
technical literature in the design of the project:
Good evidence of use of literature in the design
process, all design decisions appear to be well
informed. Section 4: Extent of reading, range of
credible sources and use of Harvard method: A
wide range of sources have been consulted and
cited. (7/10)

Section 3: Advanced knowledge and critical
understanding demonstrated in the design of the
project: There is good evidence of advanced
knowledge in the design of the system and the
safety requirements in order to ensure compliance
with regulations and standards. (7/10)

Section 5: Testing and analysis of result: There is
good evidence of testing and analysis of results.
Section 5: Critical evaluation of the project
outcomes: The project has been critically evaluated
in part and an honest report given of where it went



22

4. PRACTICAL APPLICATION

10

5. TRANSFERABLE SKILLS

wrong or how the original plan was weak. You
have clearly learned a lot from this process.
Section 6: Conclusions and recommendations: A
good section with many conclusions and
recommendations for the project and your
method of planning and design. (19/30)

Section 3: Formulation of innovative and creative
design solution to the project problem: The project
shows a high level of thinking and creativity in the
design of the hardware system and software
programming. Section 4: Deployment method, use
of material, tools, equipment and techniques in the
construction of the project: Excellent methods
deployed. Professional approach adopted to
electrical design and software programming is
evident. Section 4: Quality of the final product or
system: Good quality panel build and system
layout. The programme is well written and the
visual look of the system is good. Section 5: Use of
test equipment and presentation of results of the
project: Satisfactory use of testing methods,
results shown in the appendix but the final system
is incomplete. Sections 3 and 5: Management of
the design process: The design process was not
well managed but reviewed using flow charts,
timing chart and costing sheets. (22/30)

Sections 1 and 2: Executive summary,
acknowledgements and introduction: Summary



should contain an overview of all that was done
not just an evaluation of the end product. Good
introduction but no acknowledgement section. The
Executive Summary and Introduction were both
brief and vague. No acknowledgements were
included. All Sections: Quality of the report: Well
structured, good diagrams and images. Style is
mixed and there are numerous spelling,
punctuation and grammatical errors. Much of
what has been said belongs in a log book and
should have been summarised. Reads too much
like a long story with things that went wrong
inappropriately included. The report was difficult
to read at times, with a lot of information hidden
away in external sources (referenced) and in the
appendices. (10/15)
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1. Executive Summary 

The project is incomplete so this is an evaluation of the current state of the project and what’s left to 

complete it. The electrical and software design have been completed with relevant documentation. 

The project has been wired, powered and commissioning has started. Issues with the robot delayed 

the commissioning so it is still not completed. An IFM vision sensor was used to detect the parts which 

showed to be an effective solution when tested. Because the robot’s software couldn’t be tested 

effectively the software had to be tested using simulation software from the Staubli suite.  

The project currently has 59 % of its tasks completed and has used £7674.66 of the budget. The project 

has run on 1 month after the deadline as it was intended to be completed by 31st of march. This was 

due to a poor timing plan at the start and the risks of the project not being evaluated enough when 

the timing plan was created.   

The project has met most points from the original FDS. The points that haven’t been met are due to 

the tasks being incomplete or the FDS point changing as information on the project was developed 

further.  
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2. Introduction   

The project Is to make a customer demonstration system that can be used to attract new customers 

when they visit the factory as well as be taken to automation shows. The previous assignment saw the 

plan of the project to be completed by the 31st of march with a budget of £12,500. The system was 

decided to have a vision system to detect parts mixed with a robot. The safety of the system was 

decided to be controlled from the robot. The design of the machine has to meet the FDS that was 

created in assignment 1.   
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3. Design and Implementation 

The electrical design was based around the existing system so everything would be compliable with 

the robot and conveyor. The flow diagram showed in Figure 1 gives the sequence that was followed 

to design the electrical circuit.  It was done this way so all the information required to do a task was 

already gathered in the previous tasks. This method of design was suggested by Tamayoa (2018) 

 

Figure 1 Electrical design flow diagram 

The robot was looked at in 3 ways; power, safety and inputs/outputs. According to Staubli (2017) the 

controller requires a single phase 230VAC 10A supply so this was integrated into the circuit ensuring 

the cabling, breaker and isolator was capable of supplying the current, Figure 6 shows this. The cable 

sizes were taken from BATT (2021) which gives the correct cable size in tri rated cable for the 

current.  The robot’s safety requirements were taken from the Staubli (2009) electrical manual. This 

Research robot 

requirements  

Panel layout design to 

determine panel size 

Schematic electrical 

drawings  

Cabling planning  

Required IO decided  

component selection 

Calculations   
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gave the connection requirements that have been illustrated in Figure 8. The controller had the 

capability of having more than 1 e-stop and door on separate connections. The unused connections 

had to be linked out so the controller thinks it’s healthy. According to Jones (2021) the control on 

push button will go to the IO not the robot safety circuit. The safety circuit has been designed to 

meet the requirements for the machine building Crown copyright (2008). Jones states “All safety 

components must be at least C safety level “ (2021)  the dual channel e-stop is safety level C and the 

selected door guard switch used is suitable for category 3 machines which is suitable for a level c 

safety according to the data sheet from Rockwell Automation (2015) . It was decided that there was 

no need for auxiliary contacts on the safety stops as the robot can access internal IO to establish if 

an e-stop or guard door is unhealthy to flag an error on the pendant. BS EN 13849 – Safety Related 

Control Systems regulations were followed whilst designing the safety circuit. Trabesinger (2020) 

suggests the Staubli robot’s reaction to faults should be fast enough to meet category 3 safety 

ratings. The IO connections were suggested from Staubli (2009) Figure 9 shows the input 

configuration and Figure 10 shows the outputs. According to Staubli (2009) the IO would take less 

than 1A when all the IO is in use. 

 The motor on the system is 3 phase 0.25KW. According to Omar (2020)  a suitable way to make this 

motor run is a DOL setup. It was considered to use an inverter to run the motor to give variable 

speed control and a gentler start up but it was decided to go for the simpler option to save the cost 

of components, time for design and to reduce panel size. A suitable overload and contactor were 

designed from the datasheet provided by RS (2021). According to Schneider (2021) The coil of the 

chosen contactor takes 0.25A to switch on and hold in. This is less than the maximum current of the 

transistor outputs of the robot so it can be run directly off the output.  

 The vision system used was decided to be a 02D222. This is a basic vision system that can perform 

edge detection only. A more expensive version could have been bought which would have included 

the ability to apply filters onto an image and other tools such as a blob tool. The edge detection tool 

learns a profile of a part and its exact shape. A blob tool learns the parts size so it recognises the 

number of pixels that makes up the part and not necessarily its shape. Figure 2 shows the squares 

surface area against the circle. If the squares width was less than the circles diameter the is a chance 

that the camera would think they are the same weight when using the blog tool. Edge detection can 

have a scaling factor so if the same shape was used but at a smaller scale it would still detect it. 

 

Figure 2 Blog tool shape weight comparison 

Although the original plan from Jones (2021) was the vision system to cost less than £1000 it’s been 

decided to reduce the cost of the vision system as much as possible to give more room in the budget 

for hours to spend on design. The cameras wiring configuration was sourced from IFM (2021). The 

camera IO can be configured in the software. The datasheet suggested using 1 input with rising edge 

detection to the camera for the trigger, 1 output to give a high signal when the camera has given the 
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results of the image and is ready for another trigger. The other outputs can be used for part 

identification. Table 1 shows the output configuration. According to IFM (2021) the current drawn to 

run this sensor is less than 1A.  

Output  Result  

Out0  Circle part 

Out 1 Square part 

Out 2 Fail part  

Table 1 Camera output configuration 

 

The 24VDC requirement of the system is 2.25A. because this is the continuous currents not the peak 

currents of the devices a 5A output power supply was chosen. Siemens (2021) state in their datasheet 

that their 24VDC 5A power supply should pull 1.15A. Table 3 shows the power requirements for each 

component.  

Once the components were selected and the schematic drawings were completed the panel layout 

was drawn shown in Figure 5. This drawing allowed the panel size to be determined to check it can be 

suitable to fit on the machine. The panel decided is a 210x 400 mm which fits underneath the base of 

the machine. An isolator was designed into the panel in order to shut the power off before entering 

the panel. The isolator handles as well as the electrical panel had to meet ip61 ratings. Rittal (2021) 

state that their compact enclosure has a “Protection category IP to IEC 60 529 : IP 66” 

The drawings were produced on EPLAN software. This required the reference manual to be used to 

understand how to use the software from EPLAN (2021). This drawing method is standard to be used 

in all electrical drawings in the company to allow the drawings to be on a .dwg file as required by Jones 

(2021).  

M H
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Software design was implemented in a strategic approach. It was split up into different sub programs 

which work in different methods. Figure 3 shows the layout of the software programs. The 

application will start in the start program. This program will run straight through with no loops or 

delays. The sole purpose of this program is it initialize any values and to launch any continuous 

running tasks. Figure 14 shows the code for the start program. In this case the start program is 

launching the user display, cell manager and IO Mapping.  

The User Display program controls what is displayed on the pendant. This system doesn’t have a 

friendly interface as what may be found on an HMI or an IP interface. There aren’t any pre-set pages 

that can be designed. Any information written on the screen is displayed via x, y co-ordinates. For 

information to be removed of the screen either the cls() function which clears the entire screen has 

to be used or if text is written on top of the existing text it will overwrite it. Gookin (2004 ) suggests a 

strong method for having multiple display interface pages with this style of programming is to use a 

switch statement. The return of the “F” keys gives numbers between 271 (F1) and 278 (F8). The 

switch statement is set up so that the default setting of the page is case 0. When this case is entered 

it displays the choice of pages that can be selected. The program then waits for a return of the key 

between 271 and 278. Figure 15 shows the code for the main menu of the program. As the code was 

written the program was simulated using a pendant emulator to ensure each screen worked 

correctly and no writing was over lapping. This emulator only simulated what the pendant displays 

as the program runs through not the robot’s actions. Figure 16 shows the simulated view of the main 

menu. This is better to be simulated before the machine is online at it saves commissioning time. 

The main pages that display information work similar to the main menu but they have a do until loop 

in them. They firstly display the headers for the information that is to be displayed. The do until loop 

is then entered. The loop moves the current value for the message or display value into a variable 

and displays that onto the screen. When it loops around again it will check if the message has 

changed and only then it will clear the old message with a string of blank spaces and display the new 

User Display 

Start 

Cell Manager 

Auto 

Sequence 

IO Mapping 

Go To Home 

Figure 3 software program layout 
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message. If the message was updated every cycle, it would cause the writing to flicker. This method 

was suggested from Staubli (2018). Figure 17 shows this method. The purpose of having this 

interactive teach pendent was suggested by Galen (2017) 

The cell manager program controls the safety recovery of the cell as well as the starting and stopping 

of movement programs. This program also utilizes the switch statement function. Each of the cases 

is a check of certain parameters of the robot. Below in Figure 4 is the flow diagram of the checks that 

the cell manager makes. The program cannot have any delays or loops within it other than the main 

loop around the outside of the switch statement. If this occurs the response time of the program is 

reduced as it will be scanning through the switch continually checking each recovery step. If this 

program didn’t exist the robot would recover from an e-stop poorly as it would start where it left off. 

This is the only place in the robot code that the function power() is used that turns the robot arm on 

allowing movement. Figure 18, Figure 19, Figure 20 and Figure 21 show the cell manager program 

including detailed comments.
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Figure 4 Cell Manager flow diagram 

The Auto Sequence program launched from cell manager controls the robot’s movements and 

decision making. It starts by launching a separate homing program to ensure the robot is in a safe 

starting position. There is a specific program for this function so it can be used multiple times 

without cluttering the program. The flow diagram shown in Figure 22 from Jones (2021) shows the 

original spec of the intended function for the robot. It was decided to change this slightly to give the 

robot more control over the part and a higher quality image from the camera. Instead of the camera 

Safety input 
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Mode check 

Spare Safety 
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Check 
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being mounted above the conveyor and continually being pulsed until it saw a part. The FDS has 

been changed so that there is a sensor that the robot waits for a high signal of then picks up the part 

and takes it to the camera and triggers it once. The overall function remains the same but the 

method to achieve this is changed. This method of checking parts was suggested from Semeniuta 

(2016). Figure 23 shows the auto sequence program that controls this. The auto sequence will 

continually loop until the stop program is called or the cell manager kills the task. there can be loops 

and delays within the auto sequence. 

The IO mapping program in Figure 24 links the variables used in the programs to the physical IO of 

the controller which is stored in the library “io”.  This program runs through once.  

The components that were listed in Figure 12 from the electrical design were ordered in order to start 

the implementation process. The work breakdown structure wasn’t detailed enough from Jones 

(2021) so the work was broken down further as shown in Figure 27. The plan to implement the stages 

of the project shown in Figure 28 is less specific as the new work breakdown document was used to 

determine specific tasks. The project was falling behind the deadline at an early stage due to the poor 

judgement of the resources that would be available for the project. The original agreement with 

management was that the mechanical design and implementation would be handled by an internal 

employee. When it came to the deadlines of the project it was made apparent that there were no 

mechanical engineers available to perform the design or implementation stages. To work around this 

there haven’t been documented mechanical drawings which is poor practice of designing a machine 

as it would be difficult to repeat the same design to a set standard. All the mechanical implementation 

was done by the electrical engineer which prevented them to complete all the commissioning tasks. 

The first part of the implementation was to build the electrical panel. The layout was followed from 

the Panel layout design in Figure 5. All the trunking and din rail was mounted using pop rivets. Din rail 

was used for the components to make them easily maintainable as they can be removed quickly. 

Figure 25 shows the electrical panel before it was wired. the earth terminals are mechanically and 

electrically connected to the din rail to meet the safety standard BS EN 60404 – Electrical safety of 

machinery which was a requirement set out by Jones (2021).  Relevant PPE was worn during 

implementation such as safety goggles whilst drilling holes. This was to comply with the health and 

safety at work act 1997.  

The field wiring was the next stage where safety standard BS EN 60404 – Electrical safety of machinery 

was used frequently ensuring that the cable routing and glanding was safe. An SY cable was used on 

all AC cables that weren’t contained in trunking or conduit to reduce the risk of shearing cable. All 

cables going between the robot the electrical panel were labelled to make them easily traceable to 

the electrical drawings. The mechanical implementation had to start alongside the field wiring as items 

such as the camera and guard switch couldn’t be wired until they were mounted.  

Brackets were made to mount the camera to the bed of the table shown in Figure 31. The bracket was 

made using a milling machine. The robot gripper head was also made and mounted to align where the 

camera should be mounted. The cylindrical parts were made on the lathe. The size of the parts were 

increased for an easier grip and camera detection. The material was also changed from nylon to 

aluminium as material was readily available and didn't have to wait for delivery. Only trained 

personnel used equipment that was required to make some mechanical components such as a milling 

machine and lathe. Figure 39 shows the robot cell in its current state.  
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When there was power on the machine the camera was set up to recognize the different parts. This 

was done by picking a part and hovering it over the camera. The first part to set up was the exposure 

rate of the camera. A well-tuned exposure setting gave a much clearer part to detect. Because the 

camera is using edge detection a complete part with a sharp edge must be on display. Figure 32 shows 

an example of the exposure being set. The square parts didn’t have the neat uniform light reflection 

that was found on the circle part. This was likely due to the way the parts were machined forming 

scratches on the surface which reflect in different manners. The edge detection tool was set up giving 

a clear definition between the circle and the square. Because it is nearly impossible to have the same 

image twice the parts are decided if it matches the taught part via a match tolerance. This tolerance 

had to be slack enough that it allowed all the correct parts through but tight enough it wouldn’t 

mistake it for the wrong part. The circle was set to 60% tolerance and the square was set to 70%. The 

outputs from the camera were configured according to the electrical drawings.  

The physical guarding of the machine hasn’t been refined in the designs yet but the concept has been 

designed. Aida Haghighi states “a lack of visibility, failures and a lack of reliability of the safeguards” 

(2019). This suggested if clear guards are used it would give more visibility into the machine reducing 

the risk of the guard being removed. A well sized door that will give good access into the machine will 

also reduce the likelihood of a guard being removed as the machine can be easily maintained.  

Issues with getting the robot running postponed the commissioning of the software. The 3 main 

problems that caused delays were the robots internal CPU board needed reseating due to being out 

of use for a long period. A fuse had blown for the safety circuit which required a strip down of the 

robot in order to change it. The IO mapping was giving errors when trying to run the program. The 

robot should have been powered up at the start of the project to prevent this delay. A more detailed 

evaluation of the risks would have kept the project on track with more research into what common 

risks of an engineering project are. 

Throughout the project hours spent on each sector were documented to keep a detailed track of the 

cost. This cost was monitored weekly to ensure there wasn’t a risk of going over budget. Figure 29 

shows the broken-down costing for electrical. The current cost of electrical hours is £5658 which is 

still under the budget for this area of labour which was £6166. There is a risk that when the issue with 

the IO mapping is solved the cost for this area could go over budget. The program sequence still hasn’t 

been tested so it is likely this area will go over budget. 
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4. Testing and Results 

The system was tested at intervals at critical stages of the project. This wasn’t the original intention 

but after the design stage it was decided it would be the most appropriate way to ensure the FDS in 

being met.  

There was testing performed during the commissioning stage to ensure the machine was safe to work 

on. The first evidence of this was before the machine was powered on after the field wiring. All the 

breakers were turned on with the machine disconnected from the mains supply. A multi-meter was 

used to check the resistance across the phases and relevant connections in the panel in case there 

was a short anywhere that could be fixed before a greater issue occurs on power on. This test 

highlighted an issue that the 0v wasn’t tied to earth. This was forgotten about in the design stage so 

a link was then added. When it was proven safe to power the machine on, all the breakers and isolator 

were turned off and the machine was connected to the supply. The voltage before the isolator was 

checked to ensure the correct voltage was coming to the machine. The isolator was then turned on as 

well as the breakers where the 24VDC could be checked also. Figure 33 shows the results from these 

tests.  

To ensure the machine meets the safety requirements the safety circuit had to be checked to ensure 

they work as intended. Consideration was paid to not only the stopping of the robot but to the 

restarting of safety on the machine. According to Staubli (2017) this can be done by checking the 

internal IO status. The inputs from the safety are included here as well as the power status of the arm. 

The e-stop inputs are called UESB1 and UESB2, the door inputs are called UEN1_DOOR1 and 

UEN2_DOOR2. The robot arm power is called PWR. It has to be checked that when the safety input is 

back healthy the robots arm power doesn’t come on until the control on button is pressed. If the 

safety auto reset the machine would not be safe as a person could climb into the machine, close the 

door behind them and the robot could start up. The robots own e-stop was checked as well as the 

externally wired one. Figure 34 and Figure 35 show that the safety circuit performed as intended.  

The main part of the testing was to ensure that the final outcome met the intended outcome that was 

set out by Jones (2021) in the FDS. Because the machine wasn’t complete by the project deadline and 

is still currently being worked on, this testing will be from the current state of the machine.  

The camera was tested using the IFM software. Although the machine wasn’t running this could be 

tested. Figure 36 shows the camera simulating the test. This also enabled the outputs with the test to 
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test the functionality. This was run through multiple times using the 2 parts and no parts. The camera 

gave the correct output every time.  

The robots function effectively didn’t work. The robot couldn’t run in auto or manual mode as it was 

in error as soon as the application was started due to the IO mapping issue. The positions were taught 

as per the FDS. Only non-application functions of the robot worked such as manual jog movements on 

the pendant which showed the safety was connected appropriately. This is point 4.1.3. The sequence 

for the robot was changed in point 4.4 due to the picking issue but the plans to meet the new 

requirement but cannot yet be tested until the robot commissioning is completed. parts of the robot 

software were tested from point 4.5. This test was only using the simulation software provided from 

Staubli using their SRS software manual (2019). Simulating an offline device to check its function 

before connecting to in online was suggested by Vergnano (2017). This simulation allowed a 3d view 

of the robot where the program was stepped through with virtual IO attached to the programs io. It 

doesn’t give a definite answer than the robot would work as crash zones weren’t taken into account 

as that would require cad models to be imported into the simulation software but the machine hasn’t 

been drawn on cad yet. It did prove the software was very close to what’s intended. Run time errors 

were found from this simulation such as wrong variables used in places but these were simply fixed 

and will save time testing when the robot is running.  The machines running rate could not be proven. 

Simulating the robots cycle time on the software would not be accurate as it doesn’t account for the 

time it takes to pick and place a part accurately. The robots error displays were tested briefly through 

the program but for an accurate test it needs to be running properly and the errors occur. Figure 36 

Camera Testing 

Point 4.1.1 required guarding to be fitted to the machine. At the moment there is no guarding or door 

on the machine which means the machine has to be taped off with warning tape and signs have to be 

in place to power on the machine to make workers aware of the risks of the unguarded system. an 

operator cannot run the machine until this task is complete. 
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5. Evaluation and the Wider Issues  

The project has been relevant to original goals set out in assignment 1 FDS. The overall goal was to 

make a system that incorporates a robot with a vision system that could be used to demonstrate 

company capabilities to customers and also be used to train staff. 

 Table 2 shows the testing results. some parts of the FDS were changed mid project as circumstance 

changed. These are shown in Table 4. The testing table is in relation to the original FDS. 

When it came to testing the robot’s internal valves it was found it didn’t have any which was unusual 

for this style of robot. It is likely that the robots spec has changed over the years meaning only the 

newer robots come with internal valves.  The solution to this problem is to use an external 3 port 2 

position spring return valve as suggested by Tameson (2021) this will be powered from a robot 

external output. Figure 38 shows Tameson’s (2021) concept using vacuum to close the rubber cup and 

pressure to blow the part off instead of relying on gravity. This change doesn’t affect the functionality 

of the machine it just changes the method of obtaining the overall outcome.  

The Robots supply being changed to 3 phase 415VAC from 240vac hasn’t changed the functionality of 

the machine so this wasn’t a major change in the FDS. This change was done just to avoid having to 

put an inverter in for the conveyor motor to save cost of bought outs and time. The 5 pole plug that 

the 3 phase uses is just as common as the 3 pole single phase one so it will still be convenient to 

connect the machine up to a supply around the factory and in shows.   

The robot’s sequence had to change to allow the robot to pick the part up without crashing into the 

camera. An alternative solution would have been to mount the camera high up above the picking area 

and have the robot waiting outside the picking area so that the camera can see the part. The down 

side this solution would have been the cameras capability as its field of view isn’t designed to be a 

meter away from the detection area. This meant a more expensive camera with interchangeable 

lenses to get the correct field of view at that distance would have had to be used.  This change of the 

FDS to rearrange the sequence to pick before detecting the part didn’t add any additional cost as this 

fault in concept design was captured before the software was written meaning it was implemented 

from the start. This change has saved cost in a mechanical sense also as a more elaborate bracket 

would have needed to be manufactured in order to mount the camera above the conveyor.  

4.1.1 could have had more detail on the FDS. This point was for the conveyor functionality. Although 

it meets the spec there was more ways it should be tested for example speed. The speed was 

measured at 8M/m which is suitable for this application.  
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Throughout the project the wider issues were considered as well as the FDS. According to Jones (2021) 

the machine had to impact the environment as little as possible. The components that were planned 

to be reused into this project including the Frame, robot and conveyor were used. Some components 

were purchased as refurbished and 2nd hand. According to Ardente (2018) this gives a smaller carbon 

footprint of the component selection of the machine. These included the electrical enclosure and the 

vision system.  

It was planned for some mechanical work to be sub contracted out if there weren’t enough resources 

to support local businesses but this wasn’t done. Other methods of being ethical were illustrated 

through implementing safety standards whilst implementing the project as well as the design that 

went into the machine.  

The risk assessment that was implemented in assignment 1 by Jones (2021) was taken on board 

throughout the design stages to ensure that the suggested methods of reducing the risks we 

implemented. Before the implementation stage there should have ideally been a risk assessment for 

working on the machine. This would have improved the planning of the project and complied closer 

with health and safety regulations. This risk assessment would have looked closer at what tasks are 

required during implementation and what tools are required, from this it could be determined what 

safety equipment and training is required.  

The programs for the robot haven’t been password protected but the user passwords have been 

implemented and the ability to upload has been taken away from personnel that isn’t logged in 

meaning the code can’t be backed up from an untrusted user.  

The risks of the project looked at by Jones (2021) were not detailed enough and focused in the wrong 

areas. The risk highlighted by Jones of the selection of the vision system was fine after testing and 

posed no risk when implemented. Covid also didn’t cause any issues with timing.  The risks that should 

have been investigated was the resources not being available throughout the project. This caused the 

biggest delays at the start of the project. The next risk was the functionality of the robot. The robot 

should have been powered up at the very start of the project and a basic program placed into it to 

check it functioned correctly. This might have saved time in the implementation stage which was 5 

weeks behind to start with without hurdles stopping the project.  

The technical file that was intended to produced alongside of the project is incomplete due to critical 

stages of the project not being complete. The technical file was intended to include all drawings 

mechanical and electrical, risk assessment, FDS, factory acceptance test and a machine manual. The 
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mechanical drawings, FAT and a machine manual haven’t been completed which reduce the 

compliance with internal company standards as well as Crown copyright’s (2008) machine building 

standards. 
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6. Conclusions and Recommendations 

Throughout the project the planning was very poor. It was underestimated in the first assignment how 

long tasks would actually take as opposed to what was planned. The original timing plan wasn’t 

detailed enough in what tasks had to be done. The time scales on the timing plan were set in order 

for the project to meet the march 31st deadline instead of the amount of time it actually takes to 

complete each task. This optimistic approach made the plan unusable. If every task was analysed 

closer so that a more accurate time estimation was produced then it would have been clear that the 

resources weren’t possible to complete all the tasks. There were no contingency plans put in place 

which prevented avoiding delays when problems occurred. The 2 weeks of the project was on stop 

due to other jobs within the company which disallowed any work on this job as it was low priority to 

the company.  The project is late by 1 month and only 59% of the work is completed which is down to 

these compounded issues.  

The cost tracking of the project worked very effectively. The current cost of the project is £7,674.66 

out of the £12,500 budget. This cost will go up as the guards and mechanical parts are made as well 

as the final commissioning but it seems very likely that the project will come in under budget.  The 

cost tracking document that was used gave clear spending in each part of the project including labour 

and bought outs and helped the control. In every part of the project cost was reduced as much as 

possible to ensure that if there were difficulties and more time needed on a sector then the budget 

as a whole could compensate for that. The electrical design went well as using the EPLAN software 

allowed quality standardised drawings to be produced. Mistakes could have been reduced by having 

the drawings checked before the implementation stage. The revision system on the drawings allowed 

a newer version to be added easily. The software structure was very suitable when it was tested on 

the simulation it allowed the system to access tasks without confliction.  

To complete the project, it is recommended that a new detailed timing plan is created using the new 

break down structure that has more specific tasks that need completed on it. If the old plan is used 

the issues that are currently in place from it would be dragged out to the end of the project. The 

remaining £4825.34 of the budget could then be wisely put back into the cost tracking to utilize it as 

efficiently as possible to ensure it doesn’t go over budget. It should be possible to keep the project 

under budget and within the FDS but it will not be possible to keep it within the original timing scales 

to take it to automation shows.  

The overall of the machine is fit for purpose and as a training facility as well as a customer 

demonstration gives a lot of potential to expand on areas. A specific area I would recommend to 
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expand on would be introducing a tracking picking method. This would allow the robot to pick a part 

that is traveling down the conveyor. this would be done using a more intelligent camera that can either 

display information into a spreadsheet that can be accessed via the robot comms or send a string to 

the robot after a trigger. The conveyor would need an encoder. The robot would have to have the 

Staubli Val Track software installed. The camera would trigger as the part travels underneath it and at 

the same time the robot would store the encoders position. The robot would then be able to keep 

track of the part as its moving down the conveyor as it would also obtain x,y co-ordinates from a 

reference point of the camera. When the part comes into reach of the robot it could pick the part of 

the conveyor without the need of the part being organised first. This style of part picking would allow 

parts the oriented as well with rotation. Customers would find this more impressive in shows. This 

also coincides closer to robot jobs the company produces in the food industry which have similar 

setups.  
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8. Appendix 

 

Test Tick to 

confirm  

Comments  

4.1.1 conveyor operation  ✓ The conveyor has a capability to be 

started and stopped from the robot 

IO 

4.1.2 camera operation  ✓ Camera can define parts and give 

relevant outputs according to what it 

sees 

4.1.3 robot operation  X This part was untestable as the IO 

mapping prevented testing 

4.1.4 Guarding requirements X The guarding design or 

implementation has not been 

completed 

4.2.1 includes electrical enclosure  ✓ Can IP67 enclosure houses the 

electrical components  

4.2.2 list of spare parts placed in the manual X The machine manual has not been 

completed 

4.2.3 all documentation is in English ✓  

4.2.4 all drawings are in DWG, DXF or PDF ✓  

4.2.5 relevant regulations are met ✓  
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4.3.1 Incoming supply is 240VAC 50Hz less than    

16A 

X The Spec was changed so that the 

incoming supply was 3 phase 

415VAC 50Hz  

4.3.2 controls system is 24VDC ✓  

4.3.3 Inputs are wired PNP ✓  

4.3.4 Outputs are wired PNP ✓  

4.3.5 240VAC cables outside enclosure are SY ✓  

4.3.6 Only Tri-rated cable used ✓  

4.3.7 cables ferals used where possible ✓ There are no cables without ferals  

4.3.8 Enclosure is at least ip61 ✓ Enclosure is IP67 

4.3.9 20% spare IO ✓ The is at least 50% spare IO. This isn’t 

shown on the drawings as it’s on an 

additional IO card 

4.3.10 Incoming supply to the panel will be 

separated into terminals before entering the 

isolator 

✓ X0 is the terminal block used  

4.3.11 isolator is fitted ✓ 4 pole fused isolator with a neutral 

bar is used  

4.3.12 cable colouring is correct ✓ Followed from FDS 

4.4. Machine follows correct sequence  X This wasn’t tested  
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4.5 robot software requirements are correct X The design was created from the FDS 

but the functionality can only be 

checked after commissioning  

4.6.1 Push buttons perform correct tasks ✓ The only push button was the control 

on button which brings on robot 

power 

4.6.2 Valves in robot’s arm is used for Vacuum 

switching 

X These valves weren’t present as 

expected for this style robot. An 

alternative need to be designed 

4.6.3 a proximity switch is used to check the part 

is in position  

✓ M18 Sensor is wired in but hasn’t 

been mounted. 

4.6.4 guard switch is mounted onto the guard 

door and prong is correctly aligned. 

X A guard switch is mounted but the 

door isn’t in place yet. 

4.7 at least C safety rating components were 

used in safety circuits. 

✓ The machine meets the 

requirements set out from the risk 

assessment  

4.8 20 parts per minute  X  Wasn’t tested  

4.9.1.1 parts can be loaded easily by the 

operator 

X   

4.9.1.2 parts can be removed easily by the 

operator 

X  

4.9.2.1 the machine is easy to clean down for 

maintenance engineer 

✓ From design this is true ass cables 

are brought up through the bed 

stopping ingress of dirt 
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4.9.2.2 Robot points can be easily taught  ✓ The pendant allows the positions to 

be taught  

4.9.2.3 Robot tooling can be easily checked  ✓ The park position is by the intended 

door entrance  

4.10.1 errors are displayed on the pendant X Untested  

4.10.2 faulty parts are placed in the reject bin X Untested 

4.11 project is completed under 12,500 ✓ Project is currently at £7,674.66 but 

requires more work.  

4.12 project is completed before march 2021 X The project is a month late and still 

unfinished  

Table 2 Testing Results 
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Figure 5 Electrical drawings Page 1 panel layout 
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Figure 6 Electrical drawings Page 2 power 



30 

 

 

Figure 7 Electrical drawings Page 3 24V  
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Figure 8 Electrical drawings Page 4 Robot safety 
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Figure 9 Electrical drawings Page 5 robot inputs 
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Figure 10 Electrical drawings Page 6 robot outputs 
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Figure 11 Electrical drawings Page 7 Vision 

 



35 

 

Component  Voltage  Current 

Motor  415VAC 2A 

Staubli CS8 controller  240VAC 10A 

Power supply  240VAC 1.15A 

Staubli I/O 24VDC 1A 

Contactor coil 24VDC 0.25A 

IFM Vision sensor  24VDC 1A 

Table 3 Power requirements 

Figure 13 proposed cost for electrical parts 

Figure 12 Cost of electrical components 
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Figure 14 Start Program 
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Figure 15 User display main menu 
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Figure 16 Software simulation main menu 

 

Figure 17 User display running info screen 
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Figure 18 Cell Manger Snippet 1 
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Figure 19 Cell Manger Snippet 2 
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Figure 20 Cell Manger Snippet 3 
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Figure 21 Cell Manger Snippet 4 
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 Operator places 

parts on the 

conveyor 

  

Operator closes the 

door and presses 

the Power on key on 

robot pendent 

  
parts travel along to the 

detection area 

  
Camera determines 

what type of part is in 

the detection area 

  The robot picks up 

the part  

  
The Robot Places 

the part in the 

relevant place area 

  
Conveyor turns on 

If stop 

key not 

pressed  

   The Robot goes 

home  

   The conveyor stops 

   Machine is idle with no 

power on the robot 

Figure 22 Software flow diagram from original FDS (Jones, 2021) 
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Figure 23 Auto Sequence program 
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Figure 24 IO Mapping program 

 

Figure 25 Electrical Panel Before wiring 
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Figure 26 Electrical panel complete 

 

Figure 27 Work completed 
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Figure 28 Project timing plan 

 

Figure 29 Electrical hours costing 
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Figure 30 Electrical labour budget cost 
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Figure 31 Camera location with robot holding part 
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Figure 32 Exposure setting 
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Figure 33 Resistance and power checks 
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Figure 34 E-stop safety testing 
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Figure 35 Door safety testing 

FDS 
point  

Original FDS Revised  

4.3.1 Jones states “Incoming supply will be 240VAC 50Hz less 

than 16A so a conventional PCE socket can be used” 

(2021) 

 

Incoming supply: 415VAC 50Hz 

16A with a 5 pole PCE Plug 

 

4.4 Sequence where camera detects part before picking Robot will pick part then move 
to the camera to detect the 
part shape 
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4.6.2 Jones states “The robot has 2 valves within its arm that 

can be used for switching the vacuum on and off. So no 

extra valves will be required.” (2021) 

 

The vacuum valves are to be 
mounted externally of the 
robot and run off the robot’s 
external outputs. 

Table 4 Revised FDS points 

 

Figure 36 Camera Testing 

 

Figure 37 Robot simulation 
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Figure 38 Vacuum valve concept (tameson, 2021) 

 

Figure 39 Robot Cell Current 
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