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1. Executive Summary

The report details the design, implementation and testing of the proposed ‘Ingredient Dosing
System’ for an SME customer within the baking industry requiring an increase in production
due to new contracts, with the aim of replacing a time-consuming labour-intensive process
with a fully automated dosing system with traceability. Issues uncovered with the hoppers in
the testing stage has prevented the project completion within the timing plan. Therefore, the
report details the process and evaluation of the current state of the project at 83% completion
where £85,609.19 of the £110,000 (77.8%) budget has been spent.

The design aspect was efficiently completed within the time-frame dictated by the Gantt chart,
with the systems safety-related parts of the control system (SRP/CS) developed, verified and
validated before the build was implemented ensuring compliance with EN 1SO-13849-1,
13849-2 & 13850 ensuring the machine safety constraints were covered. The majority of parts
were delivered on time, allowing the panel to be 90% completed in line with the timing plan.
Software was developed efficiently in TIA Portal, utilising Profinet devices enabled quick

design and configuration of the automation network.

Increased workload and changes to company priorities resulted in the author not completing
the build stage as planned, discussions with the workshop supervisor allowed for an electrician
to complete these tasks. Delivery delays of the frame from powder coating resulted in the
timing plan slipping by 8 days. Contingencies were implemented to recover the timing plan by
bringing two days commissioning forward to reduce the time lost. The Gantt Chart, WBS &
Costing Spreadsheet were essential in keeping track of the projects progress, tasks and

finances as the timing plan slipped.

Upon manufacturing completion, the system was commissioned. During commissioning
“Cohesive Bridging” issues in 4 of 6 hoppers prevented the system from being completely
commissioned. Discussions between the authors company and suppliers resulted in an
outcome to install High Frequency Impact Vibrators (HFIV). The time frame to receive &
implement the HF1Vs did not fall in line with the project plan, therefore the system was tested

with only two hoppers.

The system was tested against the FDS test plan developed in the research phase,
successfully achieving 32 of 38 requirements. The aspects not achieved are due to supply-
chain issues or incompletion due to the requirement for HVIV installation.

In evaluation, the main constraints outlined at the start of the project have been successfully
addressed. The machine has been designed safely in compliance with BS EN 60204-1, EN




ISO 13849-1, EN ISO 13849-2 and EN ISO 13850 ensuring the system is safe for the wider
community. The ATEX constraints are alleviated utilising adequate equipment to ensure high
power equipment with the potential to ignite dust clouds is not possible, through the use of
Intrinsic Barriers achieving compliance with The Equipment and Protective Systems Intended
for Use in Potentially Explosive Atmospheres Regulations 2016. Checklists completed confirm
compliance with BS EN 60204-1 & Electromagnetic Compatibility Regulations 2016 ensuring
the requirements of the Machinery Directive are met for CE/JUKCA marking. Food hygiene
constraints have been solved, implementing traceability of the recipe to maintain the “One

Step Forward, One Step Back” supply chain rule 178/2002.

Recommendations were made for future improvement, including implementation of PD control
to replace the Ramp Function for the first-stage of dispensing to remove the requirement for
the second-stage valve, and to better use the MindConnect I0T2050 to benefit the company.

Very detailed but far too long for a summary

The brief asked you to write this in 300 words
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2. Introduction

The report outlines the design, implementation, management and testing of the Ingredient Dosing
System for a customer within the baking industry requiring a production increase to meet new
contracts, with the aim of replacing a time-consuming labour-intensive process with a system that

accurately dispenses, weighs and stores data on bake mix recipes.

Punctuation Error
The report will outline the design of the systems electrical, functional safety and software

requirements to meet aspects of the Functional Design Specification (FDS) and Machinery Directive
requisites, ensuring that all constraints uncovered in the research phase are accounted for, enabling

the system to achieve CE/UKCA conformity, as well as customer & manufacturer requirements.

The design will be implemented and managed, utilising management tools & technigues developed.
All aspects of the project’s implementation lifecycle will be managed, ensuring that components,
labour and information is available in the stringent timing plan to ensure the project is delivered
within the budget of £110,000.

The testing phase will outline the success of the project, this will be gauged in terms of the projects
ability to meet the requirements of the FDS. The qualitative test plan produced in the research

phase will provide a benchmark to measure actual project outcomes compared to the requirements.

Evaluation of the project outcomes, and a conclusion will be derived including recommendations on
how the project performed, along with reasons for successes, failures, and what engineering

modifications & management techniques could have been implemented to improve the project.

11




3. Design

Solution 1 was chosen as the most suitable solution achievable within the time frame and
budget. Utilising a Siemens S7-1511 PLC to control 6-off ATEX rated two-stage valves for the
dosing of 6 common traybake ingredients. Profinet communications will be implemented
where possible and practical to allow ease of communication with field equipment. Appendix

9.1.1 outlines an explanation about the components used in the solution.

Figure 1—Ingredient Dosing System Model

As the design stage commenced, the functional design specification (FDS) created in the
research phase was continually referenced to ensure the design met all requirements
(Grennan, 2023). Aspects of the FDS are no longer plausible within the time constraints of the
project due to extended lead-times as a result of the global-chip shortage. Consequently, P.11
is no longer achievable within the timeframe and will be replaced by standard MCBs &
Auxiliaries.

12




An intemal concept review was held with the engineering department, it was outlined that there
is no safety function to minimise the potential risk of compressed air. As the panel & main air
shut-off valve will be situated on a mezzanine floor, an emergency stop is required to quickly
remove the system air in an emergency situation. The second addition is to implement an
alarm screen to display system alarms to aid fault finding. Figure 2 displays the updated
hardware overview for solution 1.

NEW

Emergency Stop

Button
KEY ]
SLE ETHERMNET —ETNERMET]

SDE500
PNOZ 55
Safaty Relay PROFINET —— PROFINET ]
AL1100

10-Link Master DIGITAL 10 == DIGITAL IO ]

ANALDG 10 ——{ ANALDG \o]

—{ Dv2130
BLC HMI Stalus Light I0-LINK  —| 10LINK ]
CPU 15111 PN Hhali

MTE1200 SAFE 24V SAFE 24V

|aTex zone

ATEX EX N
Valve Manifold

Ethemet Hub

PAC3220
Power Monitoring
Meter

Intrinsic Barrier

Simatic I0T2050
Intelligent Gateway

1 DGT1SX Profinet

ATEX Rated
Weight Transmitter] Loadcell Scale

Intrinsic Barrier

ATEX PET&0
Positioner Valve

Figure 2 —Ingredient Dosing System Updated Hardware Network
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Table 1 displays the original FDS requirements table adapted to include the two new additions.

Functional Design Specification — Original vs. Deliverable
Ref. Original Requirement Current Requirement
P.0 | 4-off 375 Litre capacity stainless steel hopper for Caster Sugar, | Required
Light Brown Sugar, Buttery Scone Mix and Rolled Jumbo Oats
P.1 | 2-off 500 Litre capacity stainless steel hopper for Plain & Self- Required
Raising Flour
P.2 | System must detect if a hopper is empty Required
P.3 | System must allow for ‘Recipes’ to be added Required
P.4 System includes function to add external product to mixing bowl | Required
P.5 | System includes function to empty each hopper for cleaning Required
P.6 | Weigh Scale must allow for weights up to 300Kg Required
P.7 | Weigh Scale must be accurate to 20g (0.02Kg) Required
P.8 | GUI must have 12" Display Required
P.9 | System must be supplied by Single Phase 230V 50Hz Required
P.10 | System must include connection to a Siemens 10T2050 Required
P.11 | System must include IFM DF2101 10-Link fuse modules No longer deliverable
due to the global chip
shortages.
P.12 | Must Include an Alarms Screen New Requirement
S.0 | System Performance Level (PL) must be greater than or equal Required
to the Performance Level Required (PLr)
SA1 All protective conductor connecting points must be marked or Required
labelled with IEC 60417-5019:2006-08 symbol.
S.2 | All equipment within the ATEX zone must be adequately rated Required
i.e., Equipment in Zone 22 must be rated to minimum Zone 22
S.3 | Air Service unit must have a shut-off valve of the lockable type Required
S.4 | Main Electrical Panel must have an isolator of the lockable type | Required
S.5 | Signals between the safe and ATEX zone must be connected Required
through barriers
S.6 | The system must be designed following the best EMC practices | Required
S.7 | Live parts shall be located inside enclosures that provide Required
protection against contact with live parts, and can only be
opened with a proprietary key

14




S.8

The system must implement an emergency stop button

New Requirement

S.9 | The system must conform to the Safety of machinery. Electrical | Required
equipment of machines General requirements BS EN 60204-
1:2018

D.0 | The system must display the status of Inputs, Outputs and Required
Alarms

D.1 | The system must display information on the current sequence Required
step

D.2 | The system must detect a loss of air pressure Required

A.0 | Machine Frame Powder coated to RAL9003 Required

A.1 | Control Panels outside of ATEX zone to be Mild Steel minimum | Required
IP54, finished in RAL7035

A2 | Control Panels in ATEX zone to be Stainless Steel minimum Required
IP66, unfinished

A.3 | Actuator colours will be designed in accordance with BS EN Required
60204-1

T.0 | Technical File must be compiled including System Overview, Required
Drawings, Calculations, Risk Assessment, Conformity
Documentation, Instructions and Manufacturers declaration

F.0 Project must be delivered within budget Required

E.0 | Mustincorporate “Air-Saver” mode after 15 minutes of inactivity | Required

E.1 System must monitor Electricity consumption Required

E.2 | System must monitor Air consumption Required

G.0 | GUI must be mounted 1.5m from the floor to the centre Required

G.1 | Main electrical isolator must be mounted between 0.6m and Required
1.7m

G.2 | The system and equipment must be ergonomically designed to Required

allow maintenance to be performed easily

Table 1 — Functional Design Specification: Original Vs. Current (Grennan, 2023)
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3.1 Electrical Design

The first aspect of the design stage planned in the Gantt chart is electrical design, consisting
of electrical schematics, panel layout, parts list and purchasing of equipment. The electrical
schematics are designed in EPLAN P8, EPLAN is a computer-aided design (CAD) software
used for electrical engineering design and documentation. EPLAN is widely used in electrical
and automation industries, allowing users to produce electrical schematics, panel layouts, and
parts lists (EPLAN, 2023). An explanation of the design and electrical schematics are seen in

appendix 9.2.1 & 9.2.2 respectively.

Throughout the design, BS EN 60204-1:2018: Safety of machinery. Electrical equipment of
machines - General requirements (BSI, 2021) was referred to, providing information on cable
colours and minimum sizes in clauses 13.2.4 & 12.2 respectively. The system will consist of
AC power circuits (Black Wiring) and DC control circuits (Blue Wiring), with circuit protective
conductors in green & yellow, and earth bonding areas indicated by the IEC 60417 5019

symbol.

The pneumatic solenoid valves will be contained in a separate panel, due to the requirements
of BS-EN 60204-1 11.2.2, which outlines the segregation of electrical equipment and non-
electrical equipment. 11.2.2 also gives guidance on terminal segregation for power and control
circuits applied to the project. Clause 13.3 requires all control wiring extending past the panel
to be connected in terminals.

Due to the ATEX constraints, The Equipment and Protective Systems Intended for use in
Potentially Explosive Atmospheres Regulations 2016 (Legislation, 2016) was referenced
ensuring that guidelines are followed to ensure the system meets ATEX regulations. Guidance
was received from Mucon, Pepperl+Fuchs & Micro Weighing Solutions (MWS) for selecting
Intrinsic Barriers to isolate high power from the safe zone, preventing potential explosions
seen in appendix 9.1.2. The Siemens MTP 1200 Unified Comfort Panel is rated suitably for
ATEX zone 22 (Siemens, 2021).

KCD2-5CD-Ex1
1+

T RG]

| & Izl
S .l

. [

L 1o } 24vDC
——————— —

Zone0,1,2 | HVeC | Zone 2
Div. 1,2 |Power Rail | Div. 2

Figure 3 - KCD2-5CD-Ex1 Smart Current Driver (pepperl+fuchs, 2022)
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The system has a single emergency stop safety function defined as a safety related stop
function, initiated by a safeguard by DGUV (2017), to quickly stop the machine in an
emergency situation to prevent injury to workers, or damage to equipment (HSE, 2020). The
safety function must meet the Performance Level Required B (PLr B) determined in the risk

assessment.

should be Harvard referenced
Category B architecture defined in 1ISO 13849-1:2015 is required as a minimum and is suitable

for machines with medium levels of risk requiring a moderate level of safety. To achieve
Category B, the safety-related parts of the control system must meet certain requirements
outlined in appendix 9.2.3.

Punctuation Error ) . . . ..
The aemgns their emergency stop circuits to meet PL D requiring category

2 architecture. DGUYV states “Category 2 SRP/CS must employ well-tried safety principles and
be designed such that their safety functions are tested at reasonable intervals, for example by

the machine control system. The safety function(s) must be tested:
. “at start-up of the machine, and

. prior to initiation of any hazardous situation, e.g., the start of a new cycle, start of other
movements, as soon as the safely function is required, and/or periodically during operation,
where the risk assessment and the form of operation indicate that this is necessary. These

tests can be initiated automatically. Each test of the safety function(s) must either:
. permit operation, if no faults have been detected, or

. should a fault have been detected, generate an output for the initiation of appropriate
control action (OTE)” (2017). ¢ long quotation

To detect a fault, two test channels are implemented. Mechanically interlocked “force-guided
relays” are used as the final switching device, the contacts are mechanically interlocked in
sets of three. When the coil is energised, the contacts all switch together through a common
armature, ensuring all contacts move at the same time, regardless of the triggering signal. The
normally-closed contact is connected in series with the safety relay reset chain as an External

Device Monitoring (EDM) function to prevent the safety function resetting if the relay is welded
in a non-safe position, detecting the fault on the next operation of the safety function either
preventing actuator power, or the safety circuit reset.

The second test channel is a pressure switch which monitors pressure after the dump valve.
The signal from the pressure switch is also wired in series with the reset circuit to prevent the

safety circuit resetting if air pressure is detected when the safety function is active, indicating
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the dump valve has failed in the on position. Implementing two test channels enhances the
diagnostic coverage of the architecture, ensuring that faults are quickly addressed.

The safety function will initiate stop category 1 defined by EN ISO 13850, stopping the system
by immediate removal of power to the machine actuators, but delaying the removal of air by 5
seconds to ensure the valve is closed (ISO, 2020). EN ISO 13850 4.3.6 states “the
emergency stop must be red in colour with a yellow legend with no text or symbols, the IEC-
60417-5638 symbol is permitted” (2020).

don't /nstructé/o ur reqder . . .
It is critical all relevant standards are continually referenced, ensuring that the system is

designed in accordance with British standards and safeguarded to assure machinery safety
constraints outlined in the research report are satisfied, ultimately resulting in achieving
CE/UKCA conformity (gov.uk, 2022).
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3.2 SISTEMA

SISTEMA is the "Safety Integrity Software Tool for the Evaluation of Machine Applications” to
evaluate and verify the safety of safety-related control systems and safety components
according to the requirements of EN I1SO 13849-1 (DGUV, 2020).

SISTEMA is used to calculate and verify safety functions and performance levels (PL) based
on the safety system components. The tool verifies the safety system by entering information
about safety components, such as sensors, actuators, safety relays, and their performance
characteristics, such as failure rates and diagnostic coverage (pepperl+fuchs, 2021).

EN ISO 13849-1/-2 not
relevant

Safeguard by means of
safety function?

Define safety function, specify PL_ ‘

)

4.{ | Implement safety function ‘ ‘

v

Identify relevant components,
prod ic circuit di
enter function and test channels

¥

Produce safety-related block
diagram

¥

Transfer safety-related block
diagram to SISTEMA

!

Structure analysis

Enter the parameters:
MTTFy, Bypg, DC, CCF, etc.

Attained PL 2 PL,?

Figure 4 — Flow Chart SISTEMA Process (IFA, 2010)
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A Sistema report was produced following the process seen in appendix 9.3, verifying and
validating the Safety Related Parts of the Control Systems (SRP/CS) ability to perform its
intended safety function under all foreseeable conditions ensuring the requirements of EN
ISO 13849-2 Safety of machinery - Safety-related parts of control systems - Part 2: Validation
is met. Following this process ensured that the system achieved a verified and validated

performance level (D), greater than the performance level required (B).

The safety functions predicted yearly cycle is calculated to determine if the components Mean
Time to Dangerous Failure (MTTFD) satisfies the systems mission time, using the T,

calculation from 1SO 13849-1 (ISO, 2015), as seen in appendix 9.2.3 the yearly operation is
calculated as 2400.

The low operation of the safety function has resulted in all components meeting the required
mission time. The B10d value of all components is far greater than the mission time, ensuring

the systems components are reliable for a 20-year mission time without replacement.

DGUV states that “as EN ISO 13849-1 is harmonized under the Machinery Directive as a Type
B standard for machine controls. The Verification & Validation activities must demonstrate that
each safety-related part and each of the safety functions that it performs satisfies the
requirements of EN ISO 13849-1 & EN ISO 13849-2 " (2017). To achieve Machinery Directive
conformity to obtain UKCA/CE marking, the verification and validation of the SRP/CS is

essential.

This is an excellent analysis for choice of safety related parts
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3.3 Software Design

To meet the requirements of the FDS, three PLC automatic modes and a manual mode are
required, these are:

« Empty Mode: Sequence to empty the ingredient in a selected hopper.

« Dispense Mode: Sequence to dispense a specified weight of an ingredient.

¢« Recipe Mode: Dispenses a user-defined recipe entered into the HMI, allowing for
hopper ingredients or external ingredients to be used in up to 16 layers to aid the
mixing process.

¢ Manual Mode: Allows engineers the ability to manually control the system actuators

for fault finding.

Appendix 9.4 displays the flowcharts for the three sequences, and the HMI screen layout

architecture.

The PLC & HMI software is developed in Siemens’ TIA Portal integrated software tool for
automation tasks. The hardware was configured consisting of a Siemens 1511 PLC with a 16-
way digital input card, 16-way digital output card and 8 channel analog output card. The 10
card addresses are configured to allow the processor to read or write to the field devices
through an individual address, the analog outputs are configured for current output with a

range of 4-20mA as required for the positioners.

Utilising Profinet field devices enabled quick network configuration, the Dini Argeo DGT1SX
Weight Transmitter and AL1100 10 Link Master Profinet slaves were configured through
General Station Description Markup Language (GSDML) files. The standardisation of
GSDML files enables devices from different manufacturers to be integrated seamlessly into a
single network, reducing the complexity and cost of automation projects (PROFINET, 2019).
The PAC3220 energy meter and MTP1200 Unified Comfort HMI are also configured, with all
devices being allocated IP addresses and Profinet Device Names.

Function calls were created for both Input and Output maps, to map the physical inputs and
outputs (IO) to internal datablocks. If an 10 channel becomes damaged, the 10 only requires
changing in one area of the PLC program, vastly reducing downtime. Scale_X and Norm_X
functions were used to scale the analogue output 16-bit Integer value to a percentage that is

user-friendly for the operator.

A Function call was created to monitor the system alarms to display on the HMI, the
‘DeviceStates’ function block was implemented to monitor the fieldbus status of the Profinet
devices which are used as alarm flags. Each alarm is mapped to an individual element of
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Array of Bools stored in a datablock, whereby element 0 of the array indicates if there is a

current alarm.

3.3.1 Empty Sequence

The first sequence designed was the empty sequence, the least complex out of the automatic
modes. ‘Empty Sequence’ will be used when there is a small amount of ingredient in the
hopper that is not enough to be used in a recipe, the hopper can be emptied to avoid the

complexity of mixing multiple batches of ingredients.

The operator selects a hopper to empty, once the presence of the mixing bowl is confirmed,
the valve opens to its maximum position emptying the hopper. After 5 seconds of the valve
opening, the weigh scale weight is stored in a variable “FirstRecordedWeight”, after a further
the weight is stored in a second variable “SecondRecordedWeight”. The second weight is
deducted from the first weight, if the weight difference is greater than 0.01Kg, the sequence is
repeated until a difference of 0.01Kg or less is registered, deeming the hopper empty. A time
delay of 5 seconds is implemented to allow for a substantial change in weight, and is
implemented through “On-Delay (TON)” timers. Appendix 9.5.6 displays the empty sequence

program.

3.3.2 Dispense Amount Sequence

The dispense amount sequence is more complex, requiring a control measure of the valves
to ensure the weight dispensed meets the set-point with high accuracy, due to the accuracy
required the second stage valves are implemented. The initial plan was to control the first-
stage of the proportional valve through Proportional-Differential (PD) control. Time restrictions
meant this was no longer viable due to the extra programming and commissioning time to tune
6 valves. Instead, a ramp function was developed using arithmetic instructions inside TIA

Portal to prevent overshooting.

Control parameters are implemented for the ramp function, these incdlude minimum and
maximum open percentage of the bulk dosing valve, and the start and end weight for the ramp

function in order to determine a ramp multiplier seen below:

(Bulk Valve Open Max Open % — Bulk Valve Min Open %)
(Start Ramp Weight — End Ramp Weight)

Ramp Multiplier =
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The Ramp Multiplier is used as a multiplication factor for weight left to dose. The product of

these is added to the valves minimum open position, creating control function for a linear falling

gradient between the ramp weights start and end point, as demonstrated in the graph in Figure
5. The function was mathematically calculated with a start ramp weight of 5.1Kg & end ramp

weight of 0.1Kg in Excel to ensure the mathematical theory produced the desired response

before implementing the function in the PLC.

Auto Sequence - Ramp Function
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20

Bulk Valve Open %
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Figure 5 — Auto Sequence Ramp Function Mathematical Response

The graph demonstrates the valves response to the weigh scales rate of change, as the weight
left reaches 5.1Kg the valve starts to close at a steady falling gradient in response to the
weights rate of change, fully closing at 0.1Kg. At which point the fine dosing stage will take

over to ensure the set-point is achieved with no overshoot.

Figure 6 shows the implementation of the ramp multiplier calculation in TIA Portal, which is

implemented using in-built arithmetic functions.
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Figure 6 — Ramp Calculation in TIA Portal
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The operator selects an ingredient type and weight, and confirms the mixing bowl presence.
If the weight selected is greater than the start ramp weight the valve is opened to its maximum
open position set in the Hopper settings HMI. As the weight left approaches the start ramp
weight value, the ramp function is implemented controlling the dispense rate until the end ramp
weight value is achieved, whereby the second-stage fine dosing valve takes over. Due to the
largely varying consistencies of the 6 ingredients, the control parameters are variables that
can be easily modified on the HMI to allow for the best possible response to be tuned.

Appendix 9.5.7 displays the PLC program for the sequence.

3.3.3 Recipe Mode Sequence

The recipe mode sequence enables the system to dispense a user-defined recipe consisting
of up to 16 layers each with a selected weight entered in the HMI, the layer can either be a
hopper or external ingredient. The recipe mode utilises the dispense sequence closed-loop
ramp function and sequence. The recipe mode is the solution to the business case that
required the project, due to the labour-intensive time-consuming process of manually loading

the ingredients multiple times per day.

Details for 100 recipes can be entered via the HMI and saved into the PLCs ‘Recipes’
datablock, allowing any recipe to be loaded into the PLCs “CurrentRecipe” datablock for
dispensing from the HMI. The purpose of the layering dispense method is to aid with the mixing

process before baking, producing a more consistent mix.

User-Defined Types (UDTs) are implemented to manage the data for the recipe. The UDT is
a data structure allowing users to create their own data types with customised field structures,
the UDT can be easily manipulated and nested into other UDTs speeding up the programming
process. A UDT is created for the Layer Settings and for Product Settings.
‘UDT_LayerSettings' is constructed of the Layer Type, Weight and the manual ingredients
name if the layer type is a manual ingredient. ‘UDT_ProductSettings’ is a data structure for
the recipe, consisting of the Recipe Name, Number of Layers and a 16-element array of
‘UDT_LayerSettings' which stores the required information for each layer in the Recipes
Datablock.

Once the start conditions are confirmed and the mixing bowl is in place, the operator will
receive instructions through the HMI if the layer is a manual ingredient. If the layer is from the
hopper, it will be accurately dosed utilising the closed-loop ramp function, storing the run data
of the recipe including the date, time and batch codes utilised in the recipe to ensure the food

safety constraint ‘One Step Forward, One Step Back’ traceability requirement of 178/2002
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General Food Law Article 18 is achieved (gov.uk, 2002). Appendix 9.5.8 displays the Recipe
Mode Sequence program in TIA Portal.

3.3.4 HMI Design

The HMI is designed following guidance from BS EN 63303 Human-Machine Interfaces for
Process Automation Systems enabling the HMI to be designed utilising the following principles
(bsi, 2021):

¢ Consistency: Consistent layout and visual style, so operators can easily recognize
and navigate different screens.

¢ Clarity: Information presented on HMIs is clear and concise, with relevant data and
alarms highlighted appropriately.

¢ Usability: The HMI is designed with the end-user in mind, with features like clear

labels, intuitive navigation, and easy-to-understand feedback.

The screens are segregated by menus fo ensure navigation is intuitive by splitting functions
into categories. These include auto, manual, settings, alaims and diagnostics following the
HMI architecture flowchart in appendix 9.4.4, ensuring that the information on the page is
relevant to the function. The HMI background is greyscale with bright colours only used for
indicators and messages, ensuring that key messages are visible to the operator and not
missed due to flooding of bright unnecessary colours. Appendix 9.5.10 shows a HMI screen

example.




4. Implementation and Management

The implementation phase commenced upon completion of the design. The PLC & HM| were
ordered in November 2022 due to concerns of shortages that would've resulted in the project
being halted at the implementation phase, other components were ordered upon design
completion. All components apart from the DF2101 Fuse Module, Pilz Pnoz S5 relay and
IDEM ES-SS Emergency Stop Station were bookeguitn% the stores before 06/02/2023,

allowing for 90% of the control panel to be completed.

The initial Gantt chart planned that the author would complete the panel build and machine
wiring. Due to the time-frame requirements of the Ffatri 4.0 project, with the tray bake line
having priority to be commissioned, this was not achievable. A meeting was held with the
production supervisor. The project tasks in the work breakdown structure, and the time-frame
requirements in the Gantt chart were discussed and a decision was made that an electrician
would complete the machine wiring and panel build to prevent the timing plan slipping. The

control panel build was completed in-line with the Gantt chart timing plan.

Delay of the delivery of the machine frame from powder coating resulted in the manufacturing
phase being delayed by 8 working days, causing the timing plan to be shifted. As the control
panel had already been built, a contingency was made to recover the timing plan. 8 hours of
electrical commissioning was brought forward to test and power up the panel, a test schedule
was compiled and completed seen in appendix 9.7. Once complete, the PLC & HMI programs
were downloaded, and the PAC3220 Meter, I0-Link Master and Weigh Scale Transmitter were
configured by setting the IP addresses and Profinet device name, and all IO was mapped and

configured in the datablock, recovering the timing plan by 2 days.

The system build was then completed, including electrical and mechanical commissioning.
Utilising the diagnostic 10 screens, the systems 10 was tested to ensure that the internal
datablock data were mapped to the correct physical address, the diagnostic screen allows for

quick indication of the status of system 0.

The positioner valves were tested via the manual HMI to ensure the analogue word was scaled
correctly. A 10% error was seen between the set-percentage on the HMI screen and the actual
dial position of the valve. The valve was disconnected and a 250Q resistor was connected as
the load to prove if the error is due to wrong scaling or is a mechanical issue. The scaling was

proved by measuring the voltage drop across the resistor as:

Varop at 4mA = 0.004A4 x 2500 = 1V

Varop @t 20mA = 0.0204 X 25002 = 5V
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At the 0% (4mA) position the voltage across the resistor was measured at 1VDC, likewise
5VDC at the 100% (20mA) position, proving that the scaling is correct. Further inspection of
the valves main leaf showed that at the 0% position the valve was not fully closed causing the
10% error. Referencing the Mucon manual seen in appendix 9.10, it was found that the stroke
could be adjusted as the valves can be used in applications where large material is dosed,
requiring the valve to be opened further than 90° (100%). The end-stroke was adjusted by the
mechanical technician using feeler gauges to ensure that the gap between the valves was
smaller than the diameter of a sugar grain, this was re-tested and the valve operated as

intended with no offset error.

The hoppers were filled with ingredients and the valves were manually actuated from the HMI
screen. It was found that both oats and caster sugar dosed as required, the consistency of
both flours, scone mix and light brown sugar resulted in difficulty as the ingredients would build
up and impede the orifice due to cohesive bridging. Cohesive bridging is the material block
formed by particles that compress until they bind together, usually in particles that attract
moisture such as flour, where a bridge forms strong enough to support the material weight
above it resulting in blockages (USA, 2022). A meeting was held with the Mechanical Project
Engineer, the author and valve supplier, it was decided that a method of agitation is required.
The valve supplier recommended ‘High Frequency Impact Vibrators’ (HFIVs) to agitate the
bridge seen in appendix 9.11.

Due to the time frame of the project and the availability of the HFIVs, the system will not be
complete in-line with the original timing plan. Therefore, the system will be commissioned only

using the Oats and Caster Sugar hoppers.

Bridging Arching
Figure 7 — Bulk Hopper Material Issues (Sugison, 2016)
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A spreadsheet has been monitored weekly to track the project expenditure in terms of bought-
out items and labour costs, seen in appendix 9.7. The project is currently within budget, with
a total of £24,390.81 left. There are currently 102 hours left within budget to complete the
system, which now includes the design, installation and commissioning of the vibration

agitators.

Even though the project drifted from the Gantt chart after the panel build, it was highly useful
in monitoring the progress and time spent on the project, allowing the contingencies to be
added to monitor and control the projects position and to re-plan tasks as they differentiated
from the plan. Likewise, the work-breakdown structure was essential in controlling the project

tasks in a systematic order (Appendix 9.8 & 9.9).
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5. Testing and Results

The system could only be partially tested with the Caster Sugar and Oats hoppers due to the
bridging issues. The testing can be successfully undertaken as the recipe sequence requires
only two ingredients. As the system has limited mechanical traversing components, and the
valves had been previously tested the system was able to be functionally tested without soft
testing. Testing was performed in two stages to ensure all aspects of the FDS have been met,

this was ensured by following the test plan developed in the research report.

5.1 Conformity Testing

Table 3 in appendix 9.12.1 outlines the conformity test results; these tests ensure the FDS
requirements that cannot be functionally tested are achieved. The conformity testing was

largely successful with 19 of 24 of the requirements achieved.

P.11 was not met due to IFMs supply chain issues. Schneider Electric Miniature Circuit
Breakers and Auxiliary Contacts are temporarily installed to provide DC overcurrent
protection, the DF2101 modules will be retrofitted once delivered to ensure this requirement
is met.

As the project is incomplete, requirements T.0 and F.0 cannot be considered passes. As the
project requires modifications to implement HFIVs to alleviate the bridging issues, the
technical file cannot be completed (T.0) until the design and commissioning are completed to
ensure the necessary documentation is provided to adhere to all relevant standards. The
project is currently within budget, however, until the project is delivered and signed-offit cannot
be considered within budget (F.0).

One of the main constraints outlined in the research stage is machine safety. A paramount
requirement for the system is to implement all necessary measures to protect people from
harm when using or interacting with the system, by identifying and minimizing the risks outlined
in the risk assessment. All safety aspects of the conformity testing have been achieved, apart
from the emergency stop implementation due to supply-chain issues:

e The Performance Level (PL D) has exceeded the required Performance Level (PLr B)
determined in the risk assessment. The SISTEMA report verified the reliability of safety
architecture and components used, providing a reliable evaluation ensuring the safety
function complies with EN ISO 13849-1, EN ISO 13849-2 & EN ISO 13850.
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¢ All equipment within the ATEX zone has been verified, ensuring suitable rating for the
zones, designed in accordance with manufacturer recommendations.

e Checklists have been completed ensuring compliance with The Electromagnetic
Compatibility Directive 2014/30/EU and BS EN 60204-1:2018 Safety of machinery.
Electrical equipment of machines General requirements, ensuring requirements of the

machinery directive are met in order for UKCA compliance, seen in appendix 9.12.2.

5.2 Functional Testing

Functional testing verifies whether the system performs as intended and meets the FDS
requirements, focusing on the functional aspects of the system, such as its features, functions,
user interface, and performance. Table 4 in appendix 9.12.3 displays the functional testing
table and evidence.

Functional testing has been successful, with 13 of 14 requirements being achieved. The only

ggmisament not achieved is air saving mode, this aspect would remove power from the
Punctuation Error

s dump valve to conserve air when the system is not in sequence for a set-period of

time. Due to the requirements for HFIVs which require large volumes of air, it has been decided

to not implement air-saver mode until the final solution has been implemented and the air

volume required for the HFIVs has been verified, as it could result in large volumes of air being

regularly exhausted, potentially costing the customer more in the long term.

Overall testing of the three automatic modes has been successful. The simplicity of the “Empty
Mode” sequence allowed for it to successfully run on the first cycle attempt for both caster
sugar and oats, indicating that the hopper had emptied after a small time period where no
change in weight is measured. The simple and intuitive HMI design ensures the sequence can

be run with ease meeting requirement P.5.

“Dispense Mode” was also successfully commissioned, implementation of the closed-loop
ramp function allowed for quick tuning of the valve’s response to the change in weight. Initially,
the caster sugars valve open range was set too high, resulting in an overshoot of 200g from
the set-point. The intuitive design of the control parameters on the HMI Hopper Settings screen
enabled the range to be reduced quickly, resulting in accurate dosing within the limits. The
control function was tuned by adjusting the start and end weights for the ramp function. It was
found, both caster sugar and oats dosed well with a start ramp weight of 5.1Kg, the end ramp
weight was initially set to 0.1Kg, therefore once the weight left to dispense is 100g the leaf
valve closes and the second stage rotor-dose valve takes over finely dose the remaining
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ingredient. This worked well for the oats; however, the fine nature of caster sugar required an
end ramp weight of 0.3Kg to ensure it did not overshoot.

Recipe mode was the final sequence to test, due to the bridging issues the recipes dispensed
could only contain oats and caster sugar. A recipe was created in the product settings menu,
and saved as an array element in the Recipes datablock under ‘UDT_Recipes’. Pressing
‘Load’ copied it into the current recipe datablock, satisfying the requirements of FDS P.3.
When running the sequence, issues were found where the valves would not actuate in the
step required. The structure that the PLC is written in allows the sequence to be stepped
through by writing the next step number into “SeqNoNext”, this enabled the step that contained
the error to be quickly found. The ‘cross-references information’ tool in TIA Portal was used to
find that the output controlling the valves was being written to in two places, resulting in the
coil permanently off.

Upon resolution, the sequence was cycled through successfully, by both dispensing only
hopper ingredients and by adding external ingredients successfully meeting the requirements
of P.4 & P.7, displaying the run data for the systems recipe to enable the ‘One Step Forward,
One Step Back’' traceability requirement of Food Law Article 18 of Regulation (EC) No
178/2002 to be fulfilled, satisfying the food traceability constraint outlined in the research stage
(Parliament, 2013).

All O and Profinet statuses were tested via HMI diagnostic screens. The MCBs and pressure
switch were tripped to ensure that their signals are wired correctly and mapped to the correct
input. The outputs were manually actuated in the PLC, ensuring that the statuses of both the
5/3 Valve and Positioner valves were correctly displayed, and the diagnostic information for
both electricity and compressed air consumption were verified by comparing the information
on the HMI to the PAC3220 meter and SD6500 meter respectively, achieving requirements
E.1&E.2.

The final functional test was to ensure that the alarm screen is correctly implemented, each
alarm condition was tested to ensure that the correct device is triggering its corresponding
alarm. All alarms were correctly implemented, enabling fault finding time to be drastically
reduced by providing the maintenance engineer with relevant diagnostic information,
satisfying the requirements of P.12.
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6. Evaluation of Project Outcomes

This shows the importance of better planning and purchasing earlier
Despite the issues occurring with 4 of 6 hoppers and supply-chain issues, the project has
remained largely relevant to the original requirements set-out in the FDS, with the majority of

these requirements successfully achieved.

6.1 Constraints

6.1.1 Machine Safety

The main project constraint is safety, all aspects of the FDS’ safety points have been achieved,
apart from the emergency stop installation. The control system is designed in accordance with
EN ISO 13849-1, EN ISO 13849-2 & EN ISO 13850 achieving a performance level (PL D) with
the safety related parts of control system (SRP/CS) reliability verified through SISTEMA.

All components within the ATEX zone are suitably installed & rated indine with the
requirements of The Equipment and Protective Systems Intended for use in Potentially
Explosive Atmospheres Regulations 2016. All intrinsic circuits are designed following the

manufacturers recommendations.

The system has been earth-bonded, tested and labelled in accordance with BS EN 60204-
1:2018 8.2.4, and all energy sources can be locked in the off position to allow for maintenance
activities to be safely completed. The system has undergone BS EN 60204-1 & EMC
checklists, ensuring that the system has satisfied requirements of the Machinery Directive for
CE/UKCA marking.

Delivery issues have prevented the implementation of the emergency stop circuit, however,
the configuration utilising the Pnoz S5's delayed contact has been implemented on previous

projects, posing no risk to further delay the project.
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6.1.2 Professional Conduct, Ethics & Legality

A key constraint outlined in the research stage was the requirement to ensure 178/2002’s
‘General Food Law' Article 18 is followed, maintaining the “one step back, one step forward”
supply-chain rule. The implementation of the ‘Run Data’ datablock was successful in storing
data on each recipe dispensed, including start & end dates, times, system operator, weight
dosed and batch-codes of the ingredients used, ultimately producing a recipe batch-code to

be used in the next stage of production, ensuring the product is traceable.

During the design and implementation, the key regulations in the design of hygienic machinery
outlined in the Supply of Machinery (Safety) Regulations 2008 was referenced and followed
ensuring all hygienic requirements were followed for design, cleaning and maintenance.

The system has been designed to minimise adverse environmental impacts, it is designed to
allow for the 6 ingredients to be easily changed via the HMI if the customer no longer uses
any of the ingredients, providing flexibility and preventing the machine from being redundant

if ingredients change.

All components were ethically sourced through well-known distributors and suppliers.

6.1.3 Environmental and Sustainable

Environmental considerations were outlined in the FDS, the implementation to incorporate
“Air-Saver” functionality to remove air from the system if no action is made on the machine in
a time period, in order to prevent air being wasted due to small leaks. The requirement for
HF1Vs for the hopper bridging issue has paused this requirement, due to the high-volume of
air needed to actuate the HFIVs, it is likely that this implementation of this functionality would
have adverse effects, costing the customer money by regularly exhausting large amounts of

air.

During commissioning, it was observed that the maximum current draw by the system was
2.33A (560W) at 240V, at worst case itis estimated that the system will cost 4.48kWh per day,
therefore:

Daily Running Cost = 4.48kWh x £0.34 = £1.52 per day
Yearly Running Cost = £1.52 x £300 = £456 per year
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The current method of loading mixing bowls requires a full-time employee, costing £22,536
per annum, the implementation of the system will require operator intervention 1 hour per day,
saving £19,719 per year by removing a non-value added labour-intensive task, enabling

labour to be used on value-added tasks such as improving recipes & processes.

6.1.4 Intellectual Property

The system is not patented, it is not protected by the Patents Act 1997 therefore competitors
cannot be stopped from replicating the machine (gov.uk, 2019). Intellectual property (IP)
includes Drawings, PLC Programs & technical documentation, and are the property of the
Original Equipment Manufacturer (OEM). Upon sign-off, the customer will receive a machine
manual consisting of electrical, mechanical general assembly & pneumatic drawings,
maintenance requirements, operating instructions for the machine and fault finding. The PLC

can be connected to and the HMI/PLC programs can be extracted.

It is possible that the customer could replicate the system from the drawings provided,
however, they do not receive detailed designs for machined parts or the technical file
containing the machinery directive EHSRs, Risk Assessments, ATEX documentation and test
documents. Therefore, the customer could replicate the machine but must be able to compile
a technical file for the system with the required documentation to put the system on the UK/EU

market.
Why doesn't the customer receive the technical file?

6.2 Supply Chain

A risk outlined in the research stage was the current supply-chain issues potential to pause
the project at the implementation. The effects of Brexit, Ukrainian War & IC Chip shortage has
been evident, impacting the availability of parts preventing aspects of the FDS being

completed.

The delay of the DF2101 module, ATEX rated Emergency Stop & Pilz Pnoz S5 relay
prevented requirements P.11 & S.8 of the FDS being achieved. The delayed components are
commonly used posing no further risk to the project and will be implemented once delivered.

All aspects of the FDS that failed are a direct result of supply-chain issues.
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6.3 Mechanical Issues

Due to the delays in receiving the frame from powder coating, progress was slow completing
the mechanical build. Valves from Mucon had been factory assembled wrongly, resulting in
the valve being mounted in the wrong direction of flow resulting in the valve opening in the

opposite direction, time was lost stripping-down and re-assembling the units.

The issues discovered in the testing phase indefinitely delayed the project's completion until
a mechanical solution is successfully implemented, resulting in one of the main aspects of the
FDS not being achieved, preventing the test plan to be successfully completed. However, the
principle of operation has been tested and the control parameters in the HMI Hopper Settings
screen will allow for quick commissioning of the remaining hoppers when the HFIV solution is

implemented.

6.4 Financial

The project is currently within budget as seen in figure 8, however further modifications are
required to overcome the bridging issues requiring design, implementation and documentation
time to be spent, along with the cost of bought out items. The modifications are due to
unforeseen issues not accounted for in the design, it is the responsibility of the authors

company to rectify the issues.

Current Budget vs Actual Spend
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Figure 8 — Current Budget vs Actual Spend




7. Conclusions and Recommendations

7.1 Conclusions

The project design, implementation & evaluation has been partially successful, meeting 32 of
the 38 required FDS requirements. As not all FDS aspects have been satisfied within the

timeframe resulting in an incomplete system, the project cannot be considered a success.

The electrical design was efficiently completed utilising EPLAN, allowing for quick automated
generation of parts lists exported into requisition forms and ordered as soon as the design
finished. SISTEMA was essential in verifying and validating the SRP/CS, ensuring that the
main constraint from the research stage was addressed providing the customer with a safe
machine compliant with EN ISO 13849-1, 13849-2 & 13850.

Utilising a Siemens PLC with Profinet devices significantly reduced software development
time, the automation network was quickly developed due to the minimal complexity using
GSDML files. Utilising UDTs helped create structured datablocks that were easily manipulated
to be used across the three automatic sequences, allowing code sections to be re-used

reducing development time.

The design and implementation phase highlighted the importance of developing a structured
Functional Design Specification (FDS). The FDS was essential in outlining the project
requirements including customer needs, legal and commercial standards and constraints that
had to be addressed to conform to relevant standards. Referral to the FDS ensured that the
design stage was efficient with clear targets, resulting in the project remaining on scope
without drifting.

The implementation phase's success is due to the project management techniques
implemented; the Gantt chart was essential in tracking the project progress especially as the
project drifted from the initial plan due to contingencies. The Gantt chart illustrated the project
dependencies between tasks, this was highly useful allowing for quick alterations to progress
the project when aspects were delayed, reducing the time lost. Likewise, the WBS was
essential for hierarchical breakdown of tasks, enabling the project to be divided into centralised
tasks in the required order helped control the project progress. The cost tracking spreadsheet
provided a key control measure to track expenditure and hours, ensuring that time and

financial issues can be monitored, to introduce contingencies before it is too late.

The testing plan developed was successful, ensuring all aspects of the FDS were critically
tested. The outstanding requirements will be implemented once parts are delivered. Both the
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IFM fuses and Pilz Pnoz S5 have been integrated on similar machines, therefore
implementation of these poses no further risks to the project.

The system is compliant with BS EN 60204-1 & The Electromagnetic Compatibility
Regulations 2016 as confirmed by the test plan checklists, ensuring that the system will

conform to the machinery directive requirements for CE/UKCA marking.

Even though the projectis incomplete, it is highly likely that the project will be delivered under
budget. The component cost for the 4-off HFIVs is £1980 resulting in a total of £55,949.19
spent on bought-out equipment, 28 hours has been estimated to commission the HFIVs and
remaining four hoppers, resulting in a projected labour cost of £37,100 including technical
documentation. It is anticipated that the total project spend is £91,069.19 as seen in figure 9,

£18,930.81 under budget, ensuring that an essential aspect of the FDS is achieved.

Projected Budget vs Predicted Spend

Tota! | ey

Contingency pmm

o BougntOuts |y

=

< Documentation =

Manufacture -
Design R
0 20000 40000 60000 30000 100000 120000
Total Spend (£)
M Predicted (£) W Budget (£)

Figure 9 — Projected Budget vs Actual Spend What is the difference between this figure and figure 8?

The delays have impacted the customers production scheduling, their order books have
increased resulting in increased manual workload that would be alleviated by the system.
However, the customer is aware and has been regularly updated on the supply chain issues
which cannot be avoided. Project delays due to supply-chain issues were made clear in the
quotation, posing no financial repercussions due to late delivery. The system will be installed
and signed off by June 2023 providing the customer with a fully-automated solution saving
£19,719 per year.
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7.2 Recommendations
Derivative

Proportional-Differential (PD) control could be implemented to provide greater control over the
first-stage valve. Proportional control utilises the error between the setpoint and current
process variable (PV) to calculate an output signal proportional to the error, where the error is
used to adjust theCF‘:‘/V, Derivative confrol uses the rate of change of the process variable to
prevent overshoot. PD control combines both techniques to create a control system that
responds to changes in the process variable quickly and accurately maintaining stability.
Implementing PD control removes the requirement for the second-stage valve process,
making the PLCs digital output card and 5/3 Valve manifold redundant saving the company
£2436.16 in hardware and labour costs and increasing the cycle time by removing sequence
steps. With less components and a less-complex software program, the system will be easier

to maintain.

The SIMATIC 10T2050 industrial IoT gateway could have been better utilised, in conjunction
with the Unified Comfort Panels ability to run MindSphere apps. An app could be developed
to better display information on process and run data in the form of analytical graphs to display

information in a user-friendly way.

A recommendation for the future is to create a stock control app in MindSphere to monitor the
current stock compared to the required stock. With the aim for the production manager to be
able to prioritise the required Mixes which could then be written to the Recipe datablock for

dispensing from the app through to MindSphere, increasing efficiency, reducing operator error.
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9. Appendix

Appendix 9.1.1 - Explanation of Solution 1

The first stage is a proportional valve, linearly controlled by a 4-20mA signal from an AQ-
8xU/l HS analog output card, offering 16-bit resolution to precisely control the position of the
main ‘leaf’ valve to dose the bulk of the 6 ingredients. The analog signal is repeated through
Pepperl+Fuchs intrinsic barriers to ensure that voltage is limited within the ATEX zone to
prevent any sparks potentially igniting dust clouds when dosing.

Once the target weight is almost achieved, the second stage fine-dosing stage takes over. A
rotor-dosing valve sits in the leaf valve, controlled by centre position open 5/3 valves in an
ATEX EX N manifold. As the valve rotates from 0-180° fine amounts of ingredients are dosed,

typically 20-30g to ensure the ingredient weight is accurate (Mastrolonardo, 2022).

A Micro Weighing Solutions ATEX rated load cell scale will accurately measure ingredients
dosed, allowing for weights up to 300Kg to be measured within the ATEX zone via an Intrinsic
Barrier connected to a Profinet DGT1SX high-speed digital weight transmitter sending 4800
readings per second to the PLC, ensuring quick and accurate performance (Booth, 2022).

A Profinet IFM 10-Link master monitors air quality and consumption data from an SD6500
compressed air meter and provides operator feedback through a DV2130 Andon and buzzer.
It was initially planned to implement a DF2101 24VDC Current protection module, however,
supply chain issues have prevented this. Electricity consumption and characteristics will be

monitored over Profinet by a Siemens PAC3220 meter.

A Siemens MTP1200 12" Unified Comfort Panel HMI provides operator interface to control
the system process, create and save recipes and will provide diagnostic and manual screens
to assist maintenance during fault finding activities. A Siemens 10T2050 will be implemented
to enable data collection of the system to be implemented into the end-users Siemens
MindSphere system.

Due to the compressed air shut-off valve being situated on a mezzanine floor out of the
operator's range, re-analysis of the risk assessment required an emergency stop to be
implemented as a safety measure to quickly stop the machine in the case of an emergency or
dangerous situation. The safety circuit will be designed in accordance with EN ISO 13849-1
and EN ISO 13850, with the safety functions Performance Level (PL) validated through a
SISTEMA report, this requirement is added to the FDS.
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Appendix 9.2 - Electrical Design

Appendix 9.2.1 — Electrical Design Explanation

The electrical schematics are broken down into various functions, these are:

AC Power: This consists of a 13A Socket for a BS 1363 plug, strictly to charge the
programmers laptop, supply to a 240VAC-24VDC Power Supply and a Siemens
PAC3220 power monitoring meter and associated current transformer (CT). The
application was discussed with Andy Rawe from Siemens who recommended the
PAC3220 meter with a Profinet module (Rawe, 2023). Rawe stated that “Siemens’
offering of CTs start at 50A, it is better to source your own as due to the low current
the full range of the CT will not be used” (2023) . After a discussion with Darren Byford
from Sifam Tinsley, a suitable CT was recommended for the application (Byford, 2022).

The e-mail trails of the discussions are seen in appendix 9.1.

DC Power: The DC Power is supplied from the secondary of the 240VAC-24VDC
power supply. This supplies the Panel 24V, Field 24V, HMI 24V, 10-Link 24V, Weigh
Scale 24V and Positioner Barrier 24V. Originally, in the FDS 24V current protection
was provided in the form of a DF2101 10-Link fuse header, which offered the ability to
monitor current consumption and other acyclic parameters. However, a lead time of
July 2023 has resulted in Schneider Electric MCBs & Auxiliary contacts to be used,
allowing for current protection up to 60VDC (Electric, 2023).

Weigh Scale: The weigh scale accurately measures the ingredients dosed into the
mixing bowl; and will be situated in ATEX zone 21. Micro Weighing Solutions provided
a solution consisting of a scale that meets ATEX EU Declaration of Conformity. The
solution was supplied with a Dini Argeo DGT1SX Plus Profinet Transmitter and barrier
to ensure the application is intrinsically safe and can interface with the PLC through
Profinet. The circuit is designed following recommendations from MWS & Dini Argeo.

Positioner: The positioners are the first stage valve to control the bulk dosing phase,
supplied by Mucon. The positioner consists electro-pneumatic leaf valve which opens
from 0-100% (0-90°) linearly in response to a 4-20milliamp input. Datasheets from
Mucon were sent to UK Pepperl+Fuchs suppliers Parmley Graham, who
recommended their KCD2-SCD-Ex1 Smart Current Driver to achieve intrinsic safety.

The driver isolates and repeats the 4-20mA signal from the safe zone in the non-safe




zone at <13VDC, ensuring that the signal cannot generate a spark within the ATEX
zone, each positioner requires its own barrier (pepper+fuchs, 2022).

Programmable Logic Controller (PLC): The PLC controls the process, the ingredient
dosing system requires digital inputs, digital outputs and analog outputs. The digital
inputs consist of a main air pressure signal, the status of MCBs through auxiliary
contacts and the status of the emergency stop relay. The digital outputs will control 5/3
Valves required for the second-stage fine dosing process through 24V interface relays.
The valves have been designed within a ‘non-sparking’ EX N manifold for use within
the ATEX zone. Analog outputs are implemented to control the positioners, the analog
output is fed into the input side of the positioner barrier supplied by a Siemens AQ 8 x
U/l HS analog output module (Siemens, 2021).

Safety: A Pilz PNOZ S5 safety relay monitors the emergency stop safety function.
Safety relays are designed to provide high reliability and performance to ensure that
safety functions are activated when needed (Pilz, 2022). The safety relay monitors the
status of the channels through the emergency stop contacts, if either channel is broken
it disables the relay contacts, in tumn turning off the system dump valve and removing
power from the relay commons, ensuring that the valves cannot operate. The PNOZ
S5 is essential due to its delayed contact option, a situation could occur where the
emergency stop is pressed mid-valve stroke which will cause the hopper to empty its
ingredients. The PNOZ S5 is configured that when the safety function is activated it
will instantaneously remove 24V from the actuators, but will delay removing power
from the dump valve to ensure that the valve meets its end-of-stroke and closes. In
compliance with BS EN 60204-1 clause 9.2.3.4.2 the emergency stop function will be
active in all modes, overriding all other functions, a “Control On” pushbutton will reset
the safety circuit, but will not initiate a restart (BSI, 2021). The emergency stop
pushbutton will be of the mushroom type allowing for quick actuation by a palm or fist
required by BS EN 60204-1 clause 10.7.2, the button will be red in colour with a yellow
background legend in accordance with BS EN 60204-1 10.2.1
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Figure 26 - Electrical Schematics 24V Distribution (Grennan, 2023)
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Appendix 9.2.3 — Electrical Safety

L L
®
Electronic fie =
braking device P
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\ 3~ /,'
‘\_\_\_7 -

Figure 41 — Category B Architecture Example

The requirements for category B architecture are:

e “Components used in the safety-related parts of the control system must be designed,
manufactured, and tested according to relevant standards.

e The control system must be designed so that safety functions are independent of the
normal control functions and cannot be easily bypassed.

« The control system must have diagnostic features to detect faults in the safety-related
parts and provide a warning when a fault is detected.

e The control system must have redundancy and diversity to ensure that a single fault in
a component or system does not result in loss of the safety function.

e The control system must be validated to ensure that it meets the required PL and is
suitable for the intended application” (DGUV, 2017).
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Input Logic Output
S . SR
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TE OTE

— Output of

Test equipment test equipment

= |nterconnection

Monitoring (reasonably
<+> practicable fault detection)

Figure 42 - Category 2 Architecture (DGUV, 2017)
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Appendix 9.3 - SISTEMA Report

SISTEMA - Safety Integrity Software Tool for the Evaluation of Machine H E .
Project name: UWTSD 5174 a

File date: 11/04/2023 08:17:48 Report date: 11/04/2023 Checksum: d3cedcdBb5a2e387154006f223706a34

ER Project name: UWTSD 5174

Propmet fis nama: CUsers\Thomas.Grennan\Desktop\SistemallUWTSD 5174.ssm
Cematson dam: 18/07/2021 08:27:18
Prnpn sEmiun

Prajmes numbes:

Project varsion:

Aurnors: Thomas.Grennan

S

lepd:lw':

Dangarous poinimachine

Documantuuan:

Dacumant:

Varnian of sottwars’

2.0.8 build 4

Varsion of standard’

IS0 13848-1:2015, 1SO 13848-2:2012

Chacanum: d3cedcO8b5alc387 154008f223706a34
Opuens: [#]Use DC intermediate levels for calculation of PFHD (more precise)
CIMTTFD capping for category 4 lower from 2500 to 100 years.
Semtun: green
[ — There are no wamings listed for this project (or it's subordinate basic
elements).
Print options
[¥] Show Safety functions [“lalso show Subsystams
[¥] also show Biocks [¥laiso show Elements
Contained safety functions
“F Name: Emergency Stop
Raquaess: Ple Rascnea Pl a PFHD [1w]: 2.BE-7 i R
Contained subsystems
Sk Name: SMC AV3000 Series Soft Start
Rasuing PL: a PFHD [1n]: 257 Catngary: 2

MTTFD []: 100 Hign) DCawsg [%): 93.1 Muctirare)
Contained channels / blocks / Elements
CH Name: Channel 1 (MTTFD [a]: 100)

BL Name: SMC AV3000

CCF Poimes: 35 (natsiima)

MITFD [o): 859 {Hign) DC [%]: 90 (M)
BL Name: G7SA Omron (IEC 61810-3 Forcibly Guided Relay)
MTTFD [a]- 1666.7 (Hign) DC [%]: 99 (Higw)

TE Name: Test channel (MTTFD [a]: 100)
BL Name: Pressure Switch

Figure 43 — SISTEMA Report Part 1
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SISTEMA - Safety Integrity Software Tool for the Evaluation of Machine H BL
Project name: UWTSD 5174 u !

File date: 11/04/2023 08:17:4¢ Report date: 11/04/2023 Checksum: d3cedc98b5a2c337 154006f223706a34

PR Project name: UWTSD 5174

MTTFD [a]: 128205 {Hgn) DG TSE st ruwwant

2B Name: Monitoring of E-STOP, safety gates, light barmiers/PNOZ s5 751105 V1.0 - Logic function |
Dual-channel | Relay output | Delay, none

Rasuing PL: o PFHOD [Wn]: 239 Casagary: 2

MTTFD [u]: not retevant DCuvg [%]: not ratmvar OCF Points’ not retwvant
5B Name: ES-SS

Resusing PL: = PFHD [1n]: 2568 Catagury: 4

MTTFD [a]; mot retmvane DCavg [%]: not rmtmvart CCF Paints: mot retavnnt

Figure 44 — SISTEMA Report Part 2

The number of operations of the safety function is calculated as:

d

op X h

op X3600/h 300 x 8 x3600/h
Eoyete 3600

=
|

op = = 2400 Op per year
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Appendix 9.4 - Software Development
Appendix 9.4.1 - Empty Sequence Flow Chart

Select Hopper io Empty

v

Confirm Mixing Bowl is in
Position

v

Press Start Bulion

v

Valve Opens o
Maximum Posilion
Wail for 10 Seconds

Y

Wail § Seconds.

Take First Weigh Scale
Reading

.

Wail 5 Seconds
Take Second Weigh Scale
Reading

v

Is the difference between
the two readings greater
than 0.1Kg?

yNo

Is the difference betweean

Yes

the two readings greater
than 0.1Kg?

v No

Cycle Camplete

Figure 45 — Empty Sequence Flow Chart
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Select Ingredient to Dose

Select Weight to Dose

v

Confirm Mixing Bowl
is in Position

y

Press Start

y

Is the weight required
Greater than the Start Ramp
Weight?

lNo

Is the weight required

Yes

Yes

Appendix 9.4.2 - Dispense Amount Sequence Flow Chart

Open the Valve to its Maximum
Open Position until the Start
Ramp Weight is Acheived

between the Start Ramp
Weight and End Ramp Weight?

No

|5 the weight required

Yes

aj8/dwon

Valve dispenses the
required ingredient utilising
the Ramp Function until
End Ramp Weight is Acheived

less than the
End Ramp Weight?

alg|dwon

-
-«
-

Ingredient is Fine Dosed
Utilising 2nd Stage Rotor Dose
Vake

s181dwion

<

Cycle is Complete

Figure 46 — Dispense Amount Sequence Flowchart
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Appendix 9.4.3 - Recipe Sequence Flow Chart

15 Recipe Mode
Selected?

R

Is a Valid
Recipe Selecled?

R

Ase the Stan
Conddions Met?

- ¥ §

Zero Mixing Bowl

T

Press Start Button

R

Increment Current

Layer Number

R

Copy Current
Layer Information
from Datablock

T

Check Current

Layer Seltings
Age Valid
_—
Is Current Layer
M. I Auto
Manual Layer e Manual Automatic Dispense
or Auta?
e Is the weight Greater | yae Open Valve to Max
"‘“'x.g;:""' than the Start Ramp | Open Position until Start
Weight? Ramp Weight is Acheved

! LNo o

Remave Mixing Bowl and 15 the weight between
Add

Start Ramp Wesght and
Amend Ingredient Weight End Ramp Weight?

4[L Valve dispenses
Mixing Bowl| Registered Until End Ramp

Weight is Acheived
as Remaved 15 the weight required

less than the 3 Q

End Ramp Weight? 5

=3

Operator Confirms Mixing =

Bowl is Retoaded wih
Required Ingredient Ingredient is Fine Dosed

2nd Stage Rotor Dose
Vale
NP N S

Layer Complete

" B
| -

Is next Layer Valid?

15 the arror acceptable?

Recipe Complete

Layer Camglete

Stors Run Data

Figure 47 — Recipe Mode Sequence Flow Chart
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Appendix 9.4.4 - HMI Architecture

Main Menu Information

| > Auto Screen
> Settings Menu
> Manual Menu
o Di stic Menu
> Product Seftings
> Recipes
> Alarms

Figure 48 — HMI Screen Layout Architecture

Recipe Mode Auto Scresn  J&——>

|

Recipe Moge Run Data

< 4’| Dispense Mode Aulo Screen

Emgty Mode Auto Screen

Machine Settings

Hopper Settings

Product Settings

Manual General

Manual Valves

Diagnostic Inputs

Diagnostic Outpuis

il

Diagnostic Power Monitoring
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Appendix 9.5 - PLC Software
Appendix 9.5.1 — Organization Block

Main [OB1]
Main
Name Main Mumber I Type o8 Language LAD
Mumbering Automatic
Title “Main Program Sweep (Cy-  Author Comment Family
(cle)” |
Version 0.1 User-defined ID |
Name Data type Default value Comment
w Input
Initial_Call ool |initial call of this OB
Remanence Boal =True, if remanent data are available
Temp
Constant
Network 1: Input Map
wor
rpuag
en
Network 2: Profinet Status
"FCT
“ProfinesSiaius’
f=en
Network 3: Control
wis
“Conrar
[—EN
Network 4: Output Map
W2
“Dutpuiitap!
-en
Network 5: Alarms
W
p—
-en
Netwaork 6: HMI Control
wrcn
“maconar
—EN
Network 7: Simulation
wrcn
“Simulation”
en

Network 8: Empty Mode

Figure 49 — PLC Software Organization Block




o o s
“EmptyAcshations” “EmptyCantral “tmpeysequence™
= EN END =——EN BN =N BN m—
Network 9: Dispense Amount Mode
oz W W
[ END =N ENO MO =t
Network 10: Recipe Mode
w7 WOW WFON8
“BecipeContral” “Retipesequente™
e Mo — N o — e o ——

Figure 50 - PLC Software Organization Block

Appendix 9.5.2 — Alarms

Alarms [FC3]
Alarms i
Name (Alarms | Number JE] Type (L8 |Language |LAD
MNumbering Automatic
Title | | Author | Comment | |Family
Mersion 0.1 User-defined ID
Mame |Data type ‘Default value ‘Comment
Input
Cutput
InOut
Temp
| Constant
w fetun
| Aams void

Network 1: Alarms Count Clear

wove
—
Sinia0 — [
1 BUT — MarmCous
Network 2: Alarms Reset
“MACAlmS"
"HMI RezetPs Alarefeet
L} { —
Network 3: MAC Alarm 1 - PAC Meter Voltage Measure MCB Tripped
“wputs” MIPAC “MACALrm”
Meteryphage Alwm
MrszaringWhct Canditions] 1]
A { —
MaCalarms®
Alarm “MACAIgeme’ “MACALsrme"
Candstions{1] AlprReet AlprmResets[1]
L { —
MACAarms®
Alaerm “waaAlrm®
Condaiene] 1] Alarme[1]
—it {
MACHamS® MACAIsems” e
Alsrme{1] Alsmests]1] L
—it i1 en — oo ——t
“MACAlamE".
[T —

Figure 51 - PLC Software Alarm Function Calfl




Network 4: MAC Alarm 2 - PAC Meter Voltage Supply MCB Tripped

inpts” I AL
MeierupplMCE

“MACAlnems®
AlarmEount — MOUT

Network 5: MAC Alarm 3 - Field Supply MCB Tripped

“WAClems®
“Inpes” JaFieid am
n Gancitians[3]

WAl

INC
Sint.
1 et
"MACAlarms"
' At T
Network 6: MAC Alarm 4 - 10-Link Master MCE Tripped
A "
Alam:
Conditions[4]
[ —a
“MACAlsem:*
AlareResetia]
{ —
“Maacaerms®
Rharmz[4]
{ =
L e
Almrms|4] unt
it ™ —

"MACAIaime"
MarmCount — yaur

Network 7: MAC Alarm 5 - Weigh Scale MCB Tripped

“MACAIsms"

Alarm WA A2 MACAamS
Cangmns[s] AlermReset Almesets|5]

I —

MNetwork 8: MAC Alarm 6 - Positioner Valve Intrinsic Barrier MCB Tripped

Figure 50 - PLC Software Alarm Function Cafl
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MACALMS"

Alam
Conditions|s]

“MACAlam*
Alremet

Figure 51 - PLC Software Alarm Function Call
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“MACArmE” “MACAmMS” INC
Alarms[&] AarmAres] sint
it 1 o ——t
ATl
e
Network 9: MAC Alarm 7 - Main Air Pressure too Low
“inpunts” idildsin
Airox
———n @
P B
“MACALems
it
I
“MACA g’ N
Preiekic s
it —_—
MACAIaem”
AormCoun — igam
Network 10: MAC Alarm 8 - 10-Link Master Communication Fault
“MACAMsIms”
Alarm,
Condmcnal 8]
{ F—
“MACAlwm:"
ar
Comtitions| 8]
—_—
ancatsrms
AlarmeCaunt — puoyT
Network 11: MAC Alarm 9 - Light Tower Communication Fault
“mputs” Lght
TorwerPl Device
Erree
—
WAL Al
i acaisrma’
Condituns[ 9] AlwrmReset
it 1 F
T
prive
Condinan(8]
it
WACAmm. ‘MACAlrma’ e
isrmata] sint
it 1t —
T




Network 12: MAC Alarm 10 - Compressed Air Meter Communication Fault

“Airbdeter” Ax MACAImS”

*sirkbeter” Air
w Device
Erer

—i

“MACAIE

A
Conditens[10]

MACAImE"

A
Condinens|10]

—t
A Alaree ~C
Marcf10]  AlwmBesenl16] ot
Vi —
WACAarme”
AlprmeCoant — pyour
Network 13: MAC Alarm 11 - Weigh Scale Transmitter Communication Fault
“MACTafinet
Status” Wmght “MACAIaImS®
Tra ala
Profreiautt Condticns(11]
b {F
“MACAInrms*
Alw
Condaiona[11]

Aasmed 1]

{ —

MACALams"
e S——

Netwaork 14: MAC Alarm 12 - PAC Meter Communication Fault

MacPrchinen
—
Mcamans “wachlem:
it AarmAzzt(12]
{ —
e
s
s —
MACHBm"
MamiCauen — gy
Network 15: MAC Alarm 13 - Hopper(s) Empty
a3
“AlmapFALSE
t
“MAC Al
AlarmReen[13]
{ b—
“MACAlarea”
Aama[13]
{ b—
“MACAlwrms* L4
Aleems|13] Sint.
! —
“Macalgms
el

Figure 52 - PLC Software Alarm Function Call
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Netwaork 16: Is there an Alarm?

If the Alarm caunt is not equal , there is an active alarm

Network 17: Alarm Present

Figure 53 - PLC Software Alarm Function Call
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Appendix 9.5.3 — Profinet Device Status

Netwaork 5: Profinet Fault on PAC Meter

“MACPrfinet

Versien 0.1 User-defined ID

Name Data type Default value Comment
Input
Output
InQut
Temp
Constant
w Return

ProfinetStatus Void

Network 1: Profinet Status

“MACPOfines
Simtus” myLADEH

“MACTafines

STATE

Netwaork 2: Fault on at least 1 Profinet Device

MACPrehine
Staber Frobee
FaultOnbavies

—

Network 3: Profinet Fault on Weight Transmitter

MACFrehna
mry

mitier
ProdnetPault

|

Network 4: Profinet Fault on 10-Link Master

Figure 54 - PLC Software Profinet Device States Function Calf
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Appendix 9.5.4 — Input Map

InputMap [FC1]

Name Inputhiap Number 1 Type FC Language
Numbering Automatic
Title Author | Comment Family
Version a1 User-defined ID
Name Dm type :Dehull value Comment

Input

Output

InCut

Temp

Constant
w Return

Inputhdap Void

Network 1: Input Byte 0

k) %00 “Inputs® iitAain
“MveysFALSE B0 e
14 it

L 1t {1 F—

“Inpurs”idiFaC
%01 Wenerisiage
MeazuringhCe

{ F—

“Inputs”idiFAC
MetersupphyMcn
{ —

Sinpuss® difcid
ik

Ninpurs” di
w06 PasitianerBarvier
E06"
— { —
o7
e
— }
r

Network 2: Input Byte 1

EE] ]
“AveayrALSE B “imputs” idispese
4 It {
i+ L
i
CELY Inputs” idisperer
— |
L {
w2z
B
"
w3
s
—t
e
s
—it
wit s
oS “Inputs"idiSpares
I
— | { —
e
e “Inputs* dispace
I
— | { p—
wn
= “Inpuns® dispared
— | { —

Figure 55 - PLC Input Map Function Call
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Network 3: PAC Meter Voltage L1-N

DI

*PaCE:
Veltagel 14"

actar®
& ouTy — VelageL 1K
]

Network 4: PAC Meter Current L1-N

e
w0128 = FACMeter”
PACIZO" b Ty — Curem
Cumes 1 —
Network 5: PAC Meter Power Factor L1
MIOVE

POt Fawer

Network 7: Light Tower Port Qualifier Information (PQI)

o1
& oum — e
N
Network 6: PAC Meter Line Frequency
wove
fom— PACMater” Line
“PACII0" Line K ouT) — ey
Fraquency —

e
LightToserror
LgHTEwarPQLON
e

gty Light
TovesrGI.OIS

w005
[ ———
[t ——

Devcetnaiabic

mputs’” Lighe
TowerFGi.Device
Ausilable

{ F—

—

LHO0
“LightTewwe Ol

“inputs” Light
TossPgLDevcr

{ f—

Network 8: Air Meter Totaliser

Figure 56 — PLC Input Map Function Call

“AirMeter” At
MeteTotsliser
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Network 9: Air Meter Flow

MovE
“Airdeter” A
@ oun — MeisFion
“IN
Netwark 10: Air Meter Temperature
CONY o
pr— 1o et e
T - —
Po— “BirkAuter Air “SirMeter” Air “Airllater’ S “AinhAvsar® Air “Rirkbeter” Air
Sorpraedn Meser Meter Meter weter "
e 2 OUT) — TempemEtan  TemperaureRiv — gy TemperatweCony  TemperatureCony — gy Temperature
Temperatare — g oD —mz  our— e
Network 11: Air Meter Pressure
coNv an
move =t to Resl ™
= = .
e “Aar\Meter” Air “Aireter” Air
“ComgressadAin MeterPrazssue
Rete Preser — g g oum) — RaW [ Con oM gy oy Sealed
000 —miz
Network 12: Air Meter Device Status
AND
e
our
W
0 —(gata
Network 13: Air Meter Port Qualifier Information (PQI)
asss
“Comgressedair
Meter" Aridater “Airdeter” Ax
POl Device MeterPOi Device:
Awadable Aumiable
it i —
warns
“Compreszedai “irkieter* A
Meter Artdete Mte QN Device:
FEL Devicatrror Brroe
— F { —
e
“Comgeessedsin “Airstar’ A
etes A
Network 14: Weigh Scale Converted to Real
o
Rl
MACKephGCae”
sWeight
our

Figure 57 — PLC Input Map Function Call
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Appendix 9.5.5 — Output Map

Network 1: Output A0.0

Spare
“ConwoDaa™ “Outpunzide Q0o
Atplaooe SoareTM -l
it it { —
“ConveDaw.  “Dutparide
Maruaiioce Sparsctt
it it
Network 2: Output AD.1
Spare
oo
sk
—t
ConroOe “Owatpuns” o
risiecesd Soare
it it

Network 3: Output AD.2

Spare

TontroDaa” Dutputs” o
Manualtcce ZpareIM
—t 1}
Network 4: Output AD.3
Spare
“ControiDuts w03
Autedcos I
L 1 —
ComreiDus” “Dutputs” o
Maralviods Zpared
F i —

Network 5: Output AO.4

Caster Sugar Dosing Valve Extend

Figure 58 — PLC Output Map Function Call
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“Comroibata” “Controfsy’.  CaswSugarDoca
EmptySequence  abaSaAEmpny

—
I
“Dutguer e
“CommoiData”.  CaswSugardoze
Mar.etode Vabs

Network 6: Output AD.5

Caster Sugar Dosing Valve Retract

“Dutputs”ide
ComroiDiata”.  CastecSugarose
Mancallods e

Network 7: Output AD.6

Plain Flour Dosing Valve Extend

“ConsroiDat” 06
o2z
f /
— { —
“Dutputz” ido
PainfiourDase
[ =
L —
“Commaata
ManuaiMocs

Network 8: Output A0.7

Plain Flour Dosing Valve Retract

“Ovtputy”. o
“ControiData’ “ComreDa.  PainFlouiDose w07
Autchoce EmpnSequence  VahwRetAEmpny frrrs
I 1 1k ‘
— F 1F —_
“Dutputs” do

PuinflourDese
vaRer

Ut ida

“ComroDew.  PainlouDems

Seipeeuence  VilwAaARIcpe

A
“Outputs” o
“ControiData” PainficurDose
ManuaiMase iy

i} 1L

Figure 59 — PLC Output Map Function Call

96




Network 9: Qutput A1.0

0ats Dosing Valve Extend

“Outputs’ o
“ControiDa’ “ConpoiQew’.  OanDaosevsie ~gLo
™ EmpnSecuence ey b
| it
—t 1t —
“Controllu
Dizpenzadmount
Sequence
1
k
“Dutputs’ ido
“Conpoiuw’.  Oat:Doseliahe
RecieCesuence Exhhecipe
“ustputside
“ComroiCata”.  OamDesslahe
Marustaode EaM

Network 10: Output A1.1

Qats Dosing Valve Retract

“Outputs’ ido
CatDoseiure =L
RetAEmpty ALY

{ }—

“Dutputs” ido “Dutpuss” o
at:DoseVabve OatzDosevahe
pene =

“Outpets’ o
Cat:Deseliube
Rethecice

Network 11: Qutput A1.2

Light Brown Sugar Dosing Valve Extend

“ContrelDiats”
rehi

Output=" ido
Brovwnugarlose
VaveEr

Network 12: Qutput A1.3

Light Brown Sugar Dosing Valve Extend

Figure 60 — PLC Output Map Function Call
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Outpues” e,
ComreiDus”.  BrownZugarDose
Diganzehmoun: Vel
uance Dispenss
Outpont’ o
“ComreiDuts”.  BrownfugeDoss
SscipeSequence  VaheRRtARecied
e |

Network 13: Output A1.4

“Outputs” ot
ComrolData ComolDay”.  RasingRouiDose
Autohode Empylequence  ValveEXAEmGty

" 1 b
it k f F
peeT— o—
comeoun,  Rosighowbom e
Doz almeent. areeE itA Vabve:
wniz
[y
“ComroiData” Ramingflourbose
. WGP
rvape—
LomroiDats RasingFiourDose.

Network 14: Qutput A1.5

‘Outpurs” idasall

“ComnroiDues’ “CommeOusa”.  RasingRourDase
Autchoce Emeny T o
— | 1k 1L
“Outpue:” idoSelt
“Comreiluss”.  RaingfiourDose
Dezpanzehmens VaheRih
Secuence Dspena
—_
“Outputs” idolelf
“ComroDas  RasirgAeurDas
Becipebenuence  ValveRstARecoe
aprest skl
“ComtroiData” RaisingFiourDiose
Manuailods )

— — —

Network 15: Output A1.6

‘Outputs”ido
CommiDats ScomeMisDose
Manuabods P

Figure 61 — PLC Output Map Function Call
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Network 16: Qutput A1.7

ConreiDiaes”
Mansiode

— —

Network 17: Caster Sugar Bulk Dosing Valve

Caster Sugar Valve Analog Qutput

Figure 62 - PLC Output Map Function Call
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Figure 63 - PLC Output Map Function Call
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“Outpus
PisinFlourBulk
“Conroians “ComroiDa VelveEnabled NORM_X SCALE %
Autohoos EmprySequante Ematy Int 1o Real Real to It
I 1} 1L
— | 1F 1F
e “Outputs’ Aaln n
“Outputs”wo :";‘*’:‘B""W"“ IR PIain
PBINFICUrBUK Flourgulkvalve
VElveAETE) iy UE e
00— Max 22767 — MAX
“Outputs” ido
PainFlourBulk
VahveEnabied
i MOVE
—/ & — o—
. W
S OUT — A%
~Outputr ido
-ConroDars”. PlainFlourBulk
DizpenzeAmount s NORM_X SCALE_ X
Sequence Feal to int
I
— | —en
0 MN
"Output=" Plain
S FlourBuliValve
ValveADizpenze vy g Norm g
o0 MAX JITET - MAX
“Cutputs” ide
FrainFlourBulk
VaheEnablad,
Cupense pr—
[ B N
o—m "W
& 0T — A%
~Outpuns”ido
PlainFlourBulk
“ControlData”. VaheEnabien, NORM_X SCALE X
Fecipelequence Aecipa Int to Real Feal to int
“Outputs" Alain M
FiourBuliVahve . .
utpus n
il FlourgulkValve
M VALUE
MAX
“Cutpu” o
PlainFlourBulk
VahweEnabled
R MOVE
i N .
0—IN 0w
= OUr] — AY
“Outputs” ido
*ContoiDats” PainFlourBulk NORM_X. SCALE X
Manalblode b rabichd Int to Resl Roal o Int
— ] - N =
O MIN 0— MIN w4
“Cutputs” o “Outpurs” Flain ouT— "A¢
PlainFlousBulk our FlourBuliValve
VaheM e ym g [
0O max MAX
“Outputs” ido
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MOVE
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o —
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e
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Appendix 9.5.6 — Empty Sequence

EmptySequence [FC9]
[EmptySequence Properties
Name [EmplySequence MNumber 9 Type FC Language |LAD
Numbering Automatic
Title | Author | Comment Family
Version 0.4 User-defined ID
Mame Data type \Default value Comment
Input
Output
InOut
Temp
Constant
w Return
Em ptySequence Void
Network 1: Alarm, Jump to Step 9999
“ControlData’
et
o —
I | = |
; —
e prom—
*Cantrolfiots’.
ErptySequence
Cantrel Saqhia
@our — Het
Network 2: If Another Mode is Active, Go to Step 0
“Controlate”
Warualbode MovE
— | En
unTIC—
“ControlDes®
“ContralDats” EmgtySequence
Recgelequence Contrel. Seqho.
Aoum —Net
“Controlluts”
Dispartadmaunt
Sequence
_' '_
“ComtrolDats”
EmpySequence:
4
Network 3: Update Sequence Numbers
“ControDsts’
“ComtralDats” “querce
EmptySequence  ControlSiepMode
Cantral sinphdode oNE
— i —
payigoreee Bl Tomriou’
e | coniretSeqna — g Caibicee.
Bour —"
“ContralDate” ——
EmptySequence EN —— it
Control Stephlode. .
14 “ControlDat”. *ComreiDate’
4 cedcli ErptySaquence
Contral Seqhn @oury — Central Seghs
st

Figure 64 — Empty Sequence Function Call
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Network 8: Step 1000 - Walt for Start Pushbutton

move
"
“ConmroiData
Empiysequence
Cantral
@oun —"*

Network 9: Step 1010 - Open Valve

LoEny
“EmgtyvilveOpen
“Controllana”. TON"
EmptySequence oM
Control. JTN° Time MOVE
uin [ L "
UNTRIO10 L Er - Comrol Data’
e
@ our — M=t
T onmone
Network 10: Step 1020 - First Recorded Weight
oHs
“EmptyhodeFire
RecorgedWeight
“ComtrolData” b
ImptySegwence Ton
Contral Segtic -
o} —w o —
- 125 " ET
“ContraData’
Emprysequence
A A
Zoum — e
Network 11: Step 1030 - Second Recorded Weight
ane1s
“Empryuinds
Secordecorded
WeightTos
ToM
Time MOVE
J—
—— - nT31040 — i . .
Comreltss
Emplylesuence
Control Seqho
oy — Mt
Network 12: Step 1040 - Compare First and Second Recorded Weight
“Camalbata”
EmprySequence
Comicl Seqho  WeightSubtiacied -
i) --
-
" o ™ “Contrlas’
Contrad aﬂ:‘o
Aour— "t
“tmptyComtral

Data’ Rrcorded
Weightiubtecied

“Cantroious”

Emptyiequesce
Conad Seqhia
ezt

Figure 65 - Empty Sequence Function Call
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Network 13: Step 1050 - Hopper Empty

move
n
“Conoie”
EmptySaquence
Comtrl fa
Aoun —"=
Network 14: Step 1060 - Confirm End of Cycle
“M* Cycle
Camglatert —
1 F
T "
“ControDes”
Emgtyaquence
Control Seqha.
foun =M=
Network 15: Step 1070 - Clear Hopper Parameters
“ComsrolDetar”
EmprySequence
Comrel Saghe
e wove
e
il n
- “ControDes”
Emetyaquence
Contl Seghie
our — Mest
Network 16: Manual Mode
“ControlCats”
Mamsaticde —
—
"
“CantreiDens®
tegeytequence
Conrol Seghe
foum
Network 17: Step 9999 - Alarm
“MACAlm:
AarmPrEEnL HMAI Sl MOVE
1 i =
it it
"ComtrolData” “Controiliats”
Empay’ EmptySequence
Control Seqho Camvirol Seqho
P dours — P

Figure 66 - Empty Sequence Function Call
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Appendix 9.5.7 — Dispense Amount Sequence

DispenseAmountSequence [FC13]

D Properties
Name \DispenseAmountSequence | Number 13 Type FC Language
Numbering Automatic
Title | Author | Comment Family
Version 0.1 User-defined ID
Name "Dmtypa Default value |Comment

Input

Output

InQut

Temp

Constant
w Return

DispenseAmountSequence Vaid
Network 1: Alarm, Jump to Step 9999
“Cantrean
DispenseAmount
Ao, SSPEIEECEL.
Alarmeresens |t wove
F June [ N =0
Wrassos UNTE3398 — N

“ComreiDas”.
Dispemzeamount
SeguenceCanzal

P

Network 2: If Another Mode is Active, Go to Step 0

Figure 67 — Dispense Amount Sequence Function Call

Controne”
Mangalisarde move
— —
UNTED =
“ControiCists”
Dizpeesaimaunt
Sequencecental
1 BUTY — Seatisbiest
Network 3: Update Sequence Numbers
“ConiroiDess’ “ComtroiDuta’.
Dizpenseh Dispensenssunt
Sequencelontrol.  SequenceContrad.
Suphiode. Sephodesten MOVE
— y¢
“CentrolData”.
Biperedmount ‘ControdDaty” “ControlDate”.
sequenceconuel. | - DpenseAmount DisgenseAmount
SiephodeSiep | SeauenceControl SequenceContral,
ons e o — ST
MOVE
Canirea e
DispenzeAmasnt —— [o——
sequenceContol. DispenseAmaunt Disgensehmeunt
Sephiode ‘SequenceContral LequenceControl
L+ Mheﬂul_- Aoumt — Seqha
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Network 4: Step 0 - Dispense Amount Sequence Mode Selected

“ControlData”
DispeneAmount
uence

Network 5: Step 100 - Select Ingredient to Dispense

— ]|

*ContreiDass”.

Network 6: Step 200 - Select Welight to Dispense

“ControlData”
RUNENERY, ConmoiDua’.  ConrolDen”
Seqpic: hizetzaint Fietpor
i Weightzetpo Wenhtietpos —
| _ - !
JRTa 20 INTE 500 — 4
“Controne’
DeperAmount
Sequencetonaiol
———

Network 7: Step 500 - Start Conditions Ok & Zero Mixing Bowl

DizpemeAmaunt
SequenceContral

MNetwork 8: Step 600 - Zero Mixing Bowl|

“ComtralCata”

“Bispensesmount

-
GispenseAmount  CommeiDa
SequesceComrsl.  WeighScale
seqhc. Weght
MOVE
I -1 | -1
uBiTes00 A L
“ControiDaty’.
rieAmant
SequenceContred
Boury — Hatiohen

Figure 68 - Dispense Amount Sequence Function Call
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Network 12: Open Fine Dosing Valve

oaar
“Contraibaa “OpenFinedoing
Dcpansadmant et
e
e Tom
1 Move
- L .
4TE10 LR ] m—Tr .- o
“ControiData”
ispemeamount
Setoenieone
& oury — e

Network 13: Close Fine Dosing Valve

“CertrolDats”
S —
SequenceCoenrol

I - -
s sn—pr s
MNetwork 14: Step 1030 - Fine Dosing Stage

et ‘DzpenscAmaunt

onmolm”
uencelontral Kt

: Tegeeneighen
Seqhin ks
|1 i1
Juie | v

unreiRI

“peraimaunt
ailflats”
Targetheighin
Limit

Faramaters nd
Rompiverghs

wove
e —
A

—

*Canoliee”
Depenzeamaunt
SequencaCanarel

<= ouTy — PO

aoum -

Network 11: Step 1025 - Allow Bulk Dosing Valve to Close

Figure 69 - Dispense Amount Sequence Function Call
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“ContsaiDans’.
DizpenseAmount
SequenceContrel
Seqohen
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Network 15: Step 1040 - Check Weight

& ouy — Seokea

esereCantrs!

x0835
“Contraitiet”
Dis - Weight1 TON"
Ton
| MOVE
L e "
woum

—_—

*ComrelCusy”.
Dispensasmount
ceq ot
Seqeatient

Network 16: Step 1050 - Target Weight Acheived, Confirm Cycle Complete

“ComtrolData’

DispemeAmount

SequercaComtrel
Seqhs

i our

“Canysomn”

—
= g
Seqhichient

Network 19: Manual Mode

s

siMode Ve

Figure 70 - Dispense Amount Sequence Function Call
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Appendix 9.5.8— Recipe Mode Sequence

RecipeSequence [FC18]

RecipeSequence
Mame [RecipeSequence MNumber 18 Type FC Language |LAD
MNumbering Manual
Title | Author | Comment Family
Version 0.1 User-defined ID
Mame Data type Default value Comment
Input
Output
InOut
Temp
Constant
w Return
RecipeSequence Void
Network 1: Alarm, Jump to Step 9999
“ComrolDun”
. - i ut
e SR -
— | fuiec} :
e m—
- ‘ComtrelData”.
Recipesequence
ControlSeqio
our —
Matarnrk 17+ Gtan 1060 . Clasr Hannar Daramatare
Network 2: Update Sequence Numbers
“ControlDuta’.
“Comrolnata’  Recpatequence
Rsiptiequence  Contrel Stephdede
omsral Sephtode sup evE
it i¢ C [
“CentoiDuta” . 5
recpeieqence | tonibon “Conoou.
S| R S
foum —
“ConrelData®
Emcipeequemce EN —— EN0) m—
Conol Sephiode i
4 e Recipesequence
Contral Tegho faouTy — Control Seqhie
p
Network 3: Step 0 - Recipe Sequence Mode Selected
“Camreliata”
RecipeSequence “ConwroiOwts”.
ContiodSeqhio | CETERIEMA
o} i} —
e ANTH100 =g .
RecipeSequence
Conwrol Mo
Bour —b=t
Network 4: Step 100 - Select Valid Recipe
oo et
ekt Vhecks
- —y—
UINTH300 =y e
“Conmralbua”.
Ancpasequence
Contred Seqhio
#oun —Nert

Network 5:|Step 500 - Start Conditions Ok

Figure 71 — Recipe Mode Sequence Function Call
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“ContrniDue
Recpesaguance
Comernl Segblo

ot
- “ComrolDats”
Recipeequence
Contral Sealo
& oury — Nt
Network 6: Step 600 - Zero Mixing Bow!
“Gantroloee’
[ ——
ol el

™
Network 7: Step 1000 - Wait for Start Button
movE
"
“Conroloms’
Retipelequence
Comrol Seqho.
@ours — "t
Network 8: Step 1010 - Increment Current Layer Number
e
fres
i -d_-
Comratteat oy,
Number _ eurr
MOVE
en —
I L]
“ControlDae’
Recipeleguence.
Comral Szqha
Boun — "
Network 9: Step 1020 - Copy Current Layer Info from Recipe DB
“CantroiDets”
oVt
i, L . o
‘ContreiDats”
facipraguecs
Central see
B ey =
Network 10: Step 1030 - Check Current Layer Settings Valid
“GontioiDans”
Recpeiegquence
Comtrol Seghlo
—1 ——
4 ™
u
“ControdDats”
Eaciprraquence
Eontiol Seghio
foun — "

Figure 72 - Recipe Mode Sequence Function Call
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Network 11: Step 2000 - Is Layer Manual or Auto?

“Conaion” 3
Becipeiegeance  ComtalCats”
Convol Seqhe  Curremlayes Ty
o Tt [
_| e | I o —
LXK —
L sTezion
- - . o "CommiDats”
hecipeiequence
Contral Saghe
soum
Tecipebinde ‘Recpeltode
ControlDaty” e
Currertiayer CurrentLayer Type.
rye Type : Ly I.F
el — B ——t
Fo| LInTR3000 — . "
Contrivats
poum
Network 12: Step 2100 - Auto Dispense
Conroina”
Recipeequense
Control seqhia
- MOV
UNT§2200 — e
“ComarolData®
RecipeTequence
Control SeqNo
Boum
Network 13: Step 2200 - Bulk Dosing Stage
“Recipetode
Controuy
WaeightLaft
wovt
1=} e
Joeat | b
Mtipiided il “CaniraiDista”
Contreliaes o
Hopgersetung:. Conwal Segie
ontro
Faramster: End Do —H

RampWesght

Network 14: Step 2250 - Wait for Bulk Dosing Valve to Close

e
Recpehodewat
Tortulkvabe
Chose*
TON
Lo wove
@ _—
TESS Er—T= o
“ControlDuts’
Reopelegeence
Contral Seqhio
wouTt L
Netwaork 15: Step 2260 - Check Weight
o84
Bk echeck
WaghtTon' -
Recipentode
Tom ControlDats’
Tina Targetithinim w—
" @ 1} e o
Tezi—pr Er—Ts "
"ControlData’
Recpeiequnce
“heciperode Ganmetsenllc
ContradCuats” @ oumt &
TangetwithinLimit ove
“Controfoats”
[ri——
Contrel Seqhe
- OuT Nest

Figure 73 - Recipe Mode Sequence Function Call
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Network 16: Step 2300 - Open Fine Dosing Valve

Recgesequence
Comrel Segpie
move
—p -
L " e i "
; “Comrae”
Feopeseauence
Contral seque
o .
Network 17: Step 2400 - Close Fine Dosing Valve
bazs

ChceFineDasing
ValveTan®

i
f

R
" e " , g
Controltints
Recipesesience
ComralSeghie
@ oum — et
Network 18: Step 2500 - Check Weight
20836
“Recipetdode
CheckWeghiToN"
Ton
Time MOVE
o 44 —_—
- - ! n “ComtrelData”
RecipeSequence
conmol seqto
@ oum —Mest

Network 19: Step 3000 - Manual Ingredient

MOVE
w
“ControlData”
Recpesequence
Conirol Sex
B oum —Mer
Network 20: Step 3100 - Store Current Weight
mave
L & 2
Conoine
[ —
Comtrot e
iy —Next

Network 21: Step 3200 - Remove Mixing Bowl & Add Manual Ingredient

Figure 74- Recipe Mode Sequence Function Call
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“Conuoives”

P ——
ool S
ot
TN 3300 — g
“Controiets”
Repesemsenie
Comtrel, Seqha.
Aoum — M

Metwork 22: Step 3300 - Mixing Bowl has been Remove:

d

“smcipemande
Conuoinen” ComtrciData’.
Recpeseguence  WeighScale
‘Conwol Seqplo Weight
MONE
= | ]|
i [ [ [ ?
! “ComarelData”
RecipeSequence
Contal Segho
Soun —Net

Network 23: Step 3400 - Operator to Confirm Mixing Bowl is Re-loaded with Manual Ingredient

omiben ot
ASHpISEUeNTE o)

——

“ConrolDats”

Network 24: Step 3500 - Is t‘he"WeIint Correct?

Recpetaquence
Cantral Seghia
Soum —N=

Hrcpemtade “Becipertode
“CantrolOnss” Controet Data”
RecipeSequence Ve Waigtics
Contral Seafio weight Weght
= ] -1 ] -1
uine [ Tresi [ £,
43500 Recpemade “BecipeMode ™
Controtomts” ComralDuta”
MsruslLayeridss  MsnuslLayeridin equance
- Tabrance
Recpebiod
Centrotats”
Weahzcale

weight

UarsalLaperhten

Network 25: Step 3600 - Manual Ingredient Weight is not correct

Tecipehode
[
EvaiPE e
L] -
Camroina”
FeuipeSequence
Camarol Seghs
[y
Soun

Wecipehade
ControlDaty
WeightEraiakry

Figure 75 - Recipe Mode Sequence Function Call
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“ComtrelDuta”
BacipeSequence
Conred Seqha

Revipebdode
CantralDans” Next
Larperhiumber]

Jwsaen [

“Contralfing’
Recipesequence
Comral Seqhe.
o

“Controimws”
Becipaiequen:
Comual Saghs

foury — e
Network 27: Step 5000 - Recipe Complete
r cyde
MOVE
Ll
MNetwork 28: Step 5010 - Store Run Data
o
-y “Contraifens”
Aoum
Network 29: Step 9999 - Alarm
“MACAlarere”
AlsmPresent " snse wove
™ _
v ot
Contral Seqia
W pouTt et

Figure 76 - Recipe Mode Sequence Function Call
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Appendix 9.5.9 — Hardware Configuration

100 o
Rail_0O

Figure 77 - Ingredient Hopper System PLC Configuration

> Qutput parameters

Overview of output parameters

' Channel number  Parameter settings | Output type Ourtputrange  Reaction to CPU STOP

|0 Manual E Current EI 4 _20mA E[ Shutdown E!
1 Manual Current 4._20mA Shutdown
2 Manual Current 4..20mA Shutdown
= | Manual Current 4.20mA Shutdown
4 Manual Current 4. 20mA Shutdown
|5 Manual Current 4 _20mA Shutdown
6 From template Voltage +i-10v Shutdown
7 From template Voltage +i- 10V Shutdown

Figure 79 - Analog Output Channel Configuration

5174UWTSD » Devices & networks
g Nework  §§ Connections [ connsction & =W HEas
PLC_1 HMI_1 PAC3220 Meter
CPU 1511-1 PN MTP1200 Unifie... PAC3220
Rc
{PNAE_1 |

dini AL1100 wer
Dini Profinet 10... AL1100 ®
PLC_1 PLC_1 _

Figure 78 - Ingredient Hopper System Profinet Network
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Appendix 9.5.10 — HMI Screen Example

S517AUWTSD » HMI_1 [MTP1200 Unified Comfort] » creens ¢ 00_General » genRecipeAuto

FasxELRIATHUHSYEDE UE I SE& 08 gl o 10~

Figure 80 — Recipe Mode Auto Screen
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Appendix 9.6 - Panel Build & Test

Appendix 9.6.1 — Panel Build

Figure 81 — Panel Backplate
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Figure 82 — Panel Layout
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Figure 83 — Panel Wiring
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Figure 84 — Completed Panel in Enclosure
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Appendix 9.6.2 — Electrical Pre-Commissioning Checks

r.w
N E BS §174 Ingredient Dosing System ~ Electrical Pre-Commissioning Checks
1. Pre-Power-Up Checks

Test — Pre Power-Up Checks

Ensure that the main isolator is OFF and all MCBs are ON:

+ Open Circuit between Live & Neutral

Open Circuit between Live & Earth

Open Circuit between Neutral & Earth

Open Circuit between Live & 24V

Open Circuit between Live & 0V

Open Circuit between Neutral & 24V

Open Circuit between Neutral & 0V

Open Circuit between Earth & 24V

Continuity between Earth & 0V

Main Fuse is rated at 10A

Resistance between incoming earth (XO/PE1) & Backplate <0.50
Resistance between incoming earth (X0/PE1) & Panel Door <0.5Q

ek to Gonfirm |/

Test — Main Isolator

Tum main Isolator OFF

Turn all MCBs OFF

Connect 240V supply to Isolator incoming terminals
Voltage between Live & Neutral = 240V +10% / -6%
Voltage between Live & Earth = 240V +10% / -6%
Voltage between Live & Neutral = 0V

L I I I

[ Tiekto Gont | 7]

Test — Mains Supply

Turn main isolator ON

Voltage between 10F6 Incoming & X1T/1 = 240V +10% / -6%
Voltage between 20F1 Incoming & X1T/1 = 240V +10% / 6%
Voitage between 20F3 Incoming & X1T/1 = 240V +10% / 6%
Voltage between 30F0 Incoming & X1T/1 = 240V +10% / -6%

/
Tick to Confirm ‘/|

Figure 85 — Electrical Pre-Commissioning Checks Sheet 1
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r.N
L' - 'A EBS 5174 Ingredient Dosing System = Electrical Pre-Commissioning Checks

Test — 24V Internal (25)

& Tum on MCB 30F1

= Voltage between X2/1 & X2T/1 = 24VDC
+ Scalance Ethernet Switch 110P0 is ON
= PLC 130A0is ON

* |0T2050 Gateway 110P5 is ON

[rawcmim 7]

Test — 24V Field (26)

» Turn on MCB 30F2

= Voltage between X2.1/1 & X2.1T/1 = 24VDC

+ Main Air Pressure Switch PS1 is ON

+ Soft Start Valve V20 is ON

+ Output Card 150A0 has 24VDC between 1L+ & 1L-

Tick to Confirm | |

Test — HMI Power (27)

» Turn on MCB 30F3
» Voltage between X2.1/12 & X2.1T/1 = 24VDC
= HMI 120U0 is ON

[Tk Gontm /]

Test — 10-Link Master (28)

* Turn on MCB 30F4
+ Voltage betwean X12/1 & X12/2 = 24VDC
+ |0-Link Master 170U0 is ON

Tick to Confirm ]/]/

Thomas Grennan
08/02/2023

Figure 86 - Electrical Pre-Commissioning Checks Sheet 2
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r.x
N E BS 5174 Ingredient Dosing System - Electrical Pre-Commissioning Checks

3. 10 Checks
3.1 Digital Inputs
1/O Ref I/0 Description Wiring
E0.0 Main Air OK =
E0.1 Power Meter Voltage Measure MCB T
E0.2 Power Meter Supply MCB o
E0.3 Field 24V MCB e
E04 | 1O-Link 24V NCB 7
EO05 Weigh Scale 24V MCB -
E0G | Positioner Barrier 24V MCB Z
E0.7 | Spare <7
E1.0 | Emergency Stop OK o
E11 | Spare s,
E12 | Spare <4
E1.3 | Spare v
E14 | Spare /7
E1.5 | Spare Y
E16 Spare o
|__E17 | Spare S
3.2 Digital Outputs
/O Ref 1/O Description Wiring
A00 | Spare 7
A0.1 | Spare 7
Ao2 | Soare v
A0.3 | Spare v
AD.4 Caster Sugar Fine Dosing Valve Extend 4
A05 | Caster Sugar Fine Dosing Vaive Relract 7
A0.6 Plain Flour Fine Dosing Valve Extend V{/
A0.7 Plain Flour Fine Dosing Valve Retract v,
A1.0 Oats Fine Dosing Valve Extend v
A14 Oats Fine Dosing Valve Retract v s
A12 Light Brown Sugar Fine Dosing Valve Extend v,
A13 Light Brown Sugar Fine Dosing Valve Exiend v ¥
A4 Self-Raising Flour Fine Dosing Valve Extend &
A1.5 | Seil-Raising Flour Fine Dosing Valve Retract 7
A16 Scone Mix Fine Desing Valve Extend v 5
AlT Scone Mix Fine Dosing Valve Retract ¥ 4
Thomas Grennan
08/02/2023

Figure 87 - Electrical Pre-Commissioning Checks Sheet 3
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r.w
.
AT .‘ EBS 5174 Ingredient Dosing System — Electrical Pre-Commissioning Checks

Developed by - Electrical Engineer

Name: T. Grennan __
Signature: _Mirerd ai
Date: 08/02/2023

Checked by - Senior Automation Engineer
Name: S. Waters
Fay L <

Signature: Al
Date: 228 Newels 2022

Verified by - Electrical Engineer

Name: T. Grennan -
Signature: 3K P sCa
Date: 22 03 2021 N
Thomas Grennan
08/02/2023

Figure 88 - Electrical Pre-Commissioning Checks Sheet 4
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Appendix 9.7 Budget vs. Actual Cost

Electrical Material
Supplier Cost Order Date Date Required by Delivery Date
Applied Automation £87.64 16/01/23 06/02/23 23/01/2022
BPX £126.77 16/01/23 06/02/23 11/01/2023
ICOTEK £29.40 16/01/23 06/02/23 23/01/2023
ifm £351.69 16/01/23 06/02/23 19/01/2023
Parmley Graham £5,648.69 03/11/22 06/02/23 23/01/2023
R&M £157.70 16/01/23 06/02/23 03/02/2023
Routeco £662.68 16/01/23 06/02/23 25/01/2023
RS £172.48 16/01/23 06/02/23 02/02/2023
Underwoods £150.92 16/01/23 06/02/23 03/02/2023
Western Automation £103.22 16/01/23 06/02/23 03/02/2023
Mucon £42,130.00 25/07/22 06/02/23 16/12/2022
MWS £4,308.00 16/01/23 06/02/23 19/01/2023
Actual Cost £63,969.19
Budget £65,000.00
Labour
Department Budget Hours Actual Hours Remaining Hours Last Updated On:
Design 232 226 0
Manufacture 200 164 0
Documentation 112 62 0 30/03/2023
Hours 544 452 0
Cost 45,000.00 | £ 31,640.00 | £ -
Cost Tracker - Budget vs Actual
Budget £110,000.00
Actual Cost £85,609.19

Table 2 — Budget Vs Actual Cost

124




set

A I e I I Y e N A O A e O A e s A e A s e A o Y I A I I R NI NI
MOBHDHHLS 6 r EERENENEERRI NGOG 6§ £ I IRINHEERIUEINS NGO 8 £ 08 ¢ I HRIKRUAMBERAB SN OTTOE 8 & ¢ € T

Emorsdvor | EToradvE Tdﬁl-h ETOTEVEOT ECOTSENMET  ETOCSMNS | EDOC GR4LT n!uali_ﬂﬂin- EIDC QR4S | ETDTWErOE | ETOTURIET  EDOTURST | EIODUErE  ETOT U

|nfdjay ag pjnom Aax v 1nq 1upy> uiuupid nfasn v

u/eie
ez/efoe
ET/E/9T
gt/efse
sefeliz
efelit
ez/efoz

En/etT
efeliz
ezfufie
ezfzhe
EZ/TfiT
=71473
ezfihe

Hey) nuen 13loid - waysAs Suisoqg uaipaisu|

£ifei1e
ezfe/sz
Ez/efeT
3743} 14
£zfeftz
sZ/EfT
ez/efst

ee/ifae
ezfefie
gzfite
ezfefet
stfie
244713

£20Z/T0/E0 3Ny

[BNIIY SA PAUUD|d — MDY] B3UDS — 68 4nbI4

y@am Aepdsig

g5 pafold

%0 9L Ho-uBis
%0 oL Sumes) Jawoisn)
%00T 9L BERRYD (NI/0E/4TOZ) IAR300 DN
%00T oL WP THOZ0S NI 58
0§ WML [RNURIY FUNDRN
%0 NOLLYWOLNY uoRRIsy| g Yredsag
0% m/oL sjea [153) asuedaony Janisenuey

uORELBWADG] - £ ey
HSL a1 Butusrsiwe) 21emyos
%00T 2L SuuoissIweD (B
%06 . BUoISIIWo] 2RI
%00T  NO
W06 NOLLYWOLNY AQUIRSSY [E21URLEIN
%00T  NOLLVINOLNY Buipiam f Bupwng / Suniny
%00T a1 Buuim 3unew
!.!ﬂ aL Ping puRd

FUNDEBNUER - 7 3eYd

%59 wWm/aL 04 [RHUYIRL B FMLINNT AP
%00T L uBisaq IWH
%00T oL uSisag ammyos
%00T 2L uIs3Q FuRnbas
%00T Ly SULIO UOIISIND3Y / 1517 SLiE] [EINBPIN
%00T A SHIBWINGUS B UBISH PRI [ENURYIHY
%00T A USR] NOWRSTY [BIRUID [EDUBDRIN
%00T =t Su0y uoisinbay /160 S1eq 1B333(3
%00T oL UodIY YINALSIS '§ NEWILS (BT
%001 oL noke) pueg

uBisaq - T 2end

HeyD pueo - g'g xipuaddy




9zl

MIIAIFAQ 2ANIINIIS UMOPYDSIG YIOM — 06 24nBio

I ﬂ ﬂ A 3 b

_ aIemyos — 7 [eiueydam 7 7 22110913 7

ﬂ |

wayshs Buiso( yuaipaibu)

BINMINIS umopjyealg YoM

(sgn) aimonaig umopyealg YoM - 66 Xipuaddy




FPP0 O3
Zu3
)

Suswnaeg _U.hu!w. SIpO3YD 140200

J N—m

_ ) :w

vhﬂl-ﬁ _r_._!.- ﬂ_uﬂa D-E.Di._nﬂw
—-m ‘013

u_.m

fEnuegy sunpoey |

1 SR WBLND

‘TE3
LY
=oumsiERy yueg
Z63
LY

| ===100 M

(%:E]
A
w2 1vd
63
K}

m....u

LT1

SENIEE iy B

E1-E]
L)
dwe wawbag amy | Susuodwon augy
vo3 ¥E3
SR L) )
spay) Buges 11H 31 suBuodWwes 3987
EAE] Bt ] £e3
— 5 5
ey 0d IEN 2 suauodwos 1y
Z3 Te3 Z53
i ; [} )
SR 01 7 YLD SUEl 31Ea5 ybew 2y || anoke Busjuruy
8 -E] VE] Va3 be3
— : ) - A L)
Buwoissiwoy || sysaygugaameg | Buu suigoey ping jaueg
EE] 3 53 €3

| S— i ————

03113333 24MIANAIS UMOPYD.Ig oM — T6 a4nbio

Buizig 9D
b3
——
SunuD 34 Busoisuaung
€23 | 13
— . ’
Burseyung SFgELNILOD =unaag pauo] || wnofe weuodwo)
T3 TE3 23 13
) £y £} : »
suuo4 Buonposd | susuodweon oy semod || jnofe Busqunu )
Vi3 VE3 Vz3 Y]
N T—— i 3 = A ESI— |
suuoy uonisinbay 81 speg onewayog woke jaued
3 ‘€3 ‘3 13

A ;

[eayaa|g




Sjuawnaog
VLA
L)
2Rl g AUy oRw
hUN

f

$¥09Y ) [euoisuUIwg
BN
‘)
dfrias sugoe i
6N
—
SUOISS|W ] esIoN
‘TBN
A
SRPeYJ aunesy
BN
A
[enuRly Sulyoey 3L vy
M -

]

uonEUMUNIOq

8zl

IWH g SIPued)d

‘SN
e —
3yeag ybiam 11y
AN
-
®L
o1 buun e
TEN -
= S 4 L]
sjuawainseay sanep 14 Buiwn | aye
Len 9N Z5H
— = i i
s8I N0E | Buquiniganewnaug)| AlQwessy ewes Bu
en WL N SH
i i i
B oy d Kquassy amognuey sUed
) B

I

I

[OIUDYIS 34NIINIIS UMOPYDAIG YIOM — Z6 3InBid

suopedloT jpued
SZN
L)
s3jeas ubism
PZN
L}

d

-
EEN
- *
Buiseyaing |eusje pmey
TFN CEN
L3 L}
suuo 4 Suonpaig sjueuodwo)
LER LEN
¥ L)
suuo 4 uonisinba y 1817 sHed
B g )

ﬁ p

£TN
¥
sBumesq seddoy
TN
L)
sBumeig awes 4
LFEN
L)
uBisag pamag  AlquRssy |Rsuag
] “HN

I !

[eaiueyaapy




Buuie) | ansoubeig SR O/l
¥'35 ¥'55
% 4
Guruies) vogoun 3 des suoey
€95 €55
L} L}
Buiuies | sdoey 5359 vonesedp
zos Tes
L L)
Guiuiel | 1HH suogauny sulpEy
‘s LGS
Y . L}
Tenuey Buuie] rswosng 1831 14
s 95 55
UOREUALNI0 0

6C1

o |
5y

¥ys |

.o_ﬂm :m.e__s _

7 1M |

nz_._B__._o: iamog _

748 |
R S—
7 saneA busoq |

s |

p— vom—

Bujuoissnuoy _
s

2JDMIJOS BINJINIIS UMOPYDIIE YIOM — £6 3InBl4

_ £1an
| 975
R S
_ (s)zousnbasg
528
L}
jodjuo g
#Zs
R

ENELLER
unowy ssusdsig

£ Nm w \5.

7 suopenRY

Busddepy |IWH m:,_-ow Bojeuy E_._n__:uom Adwiy
TES & N.m N IS
X
|synode usams | WH| a_...n_nuz on uo_._uauum uep
_ HES I N..m oY —m
= 3 "
uBisag NH uBisag .Eu!ﬂbw. ubisag R....uikww
€S 41 s

!

I

alemyos




This information did not need to be included
Appendix 9.10 - Positioner Adjustment Documentation

——

ax-Air g =P = S :
/  Inst & - ;
TECHNOLOSY Chapter 2: Technical Features & Data

i’

CHAPTER 2: TECHNICAL FEATURES & DATA

2-1 METHOD OF OPERATION

AIR TO CLOSE AIR TO OPEN
CLOCKWISE ROTATION COUNTER CLOCKWISE ROTATION
Travel Stop £ 10" Travel Stop £ 107
Closed Closed
Travel P Travel
Ston Stop
i -

Travel Travel
Stop Stap

Teuvel Stop £ 10° Travel Stop % 10°

Clossd Closed
Travel Teavel
Stop Sop
Open :
Travel Travel
Stop Stop

. '3

Figure 2.c Figure 2.d

Figure 94 — Positioner Adjustment
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Data sheet 6AV2128-3MB06-0AX0

SIMATIC HMI MTP1200, Unified Comfort Panel, touch operation, 12.1"
widescreen TFT display, 16 million colors, PROFINET interface,
configurable from WinCC Unified Comfort V18, contains open-source
software, which is provided free of charge See enclosed Blu-Ray

Fegure simitar

General information
Product designation MTP1200 Un|
Design of display TFT
Screen diagonal 121in |
Display width 261.1 mm
Display height 163.2 mm
Number of colors 16 777 216

Figure 98 —MTP1200 HM| Datasheet (P.8)

SIEMENS

!ﬁTPl?OG Unified Comtort @ [H[ .
e _ BAV? 128.-3MBOB-0AX 1 &
Ny el

C-PDHE 1997 e,
EC-1C-5D-78-FA-22

N3G Exec iIC T4 Ge
B30 Ex ic NIC T70°C Dc
UL 20 ATEX 2443)
BCEx ULD 200027
L2 VUKE X2 355X

Siemens AG, Glelwitzer Str 588, DE-90475 Nuremberg

Figure 99 - MTP1200 HMI Label {P.8)
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Figure 100 — Siemens Mind Connect 2050 (P.10)

fo p’ ,. .

30F1 30F2 30F3 30F4 30F5
e 1 .

Figure 101 — MCBs Replacing DF2101 (P.11)

138




Contained safety functions

=F Name: Emergency Stop
Requirea: PLr o Rasohea: PL o PFHD [1/n]: 2.8E-7 Bt s

Contained subsystems
5B Name: SMC AV3000 Series Soft Start
Resuning PL: o PFHD [1/]: 2.5E-7 Congss?
MTTFD [a]: 100 (Hegr) DCavs [%]: 93.1 (Maaiuim) CCF Paincs: 95 (rusrnaa)
Contained channels / blocks / Elements
CH Name: Channel 1 (MTTFD [a]: 100)

EL Name: SMC AV3000

MTTFD [a]: 859 (Hian) DC [%]: 90 (Mo aium)
BL Name: G7SA Omron (IEC 61810-3 Forcibly Guided Relay)
MTTFD [a]: 1666.7 (Hign) DC [%]: 99 (Hign)

TE Name: Test channel (MTTFD [a]: 100)

BL Name: Pressure Switch

SISTEMA a free of charge tool from IFA Page1/3

Figure 102 — SISTEMA Report PLd (5.0)

Figure 103 — Earth Bonding Compliance (5.1)
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___SIEMENS
MTP1200 Unitied Conior

o sonones B LGN

-
-

srefsa s s
O3S ATEE JuaLe
Es i mErn
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Serems AG Swwrae T SES 18 w0are et

Figure 104 — HMI ATEX Compliance (5.2)

HAPS1010ATEX

DFWATEX2GD-1

Low profile floor scale, utilising Flintec SB8 Beam Load Cells giving
non-approved hiresolution capability of up to 15,000 divisions, 3
Mtrs of output cable as standard.

Optional side rails are castellated steel and welded onto the top
plate for a clean hygenic

finish.

Including 1 Ramp and 3 metres of interconnection cable

Material: 304 Stainless Steel with Glass Bead Blast finish
Load Cells: 4 x Flintec SBS IP68 Shear Beam
Weighing Area | xw (mm) 1000mm x 1000mm

Capacities (kg) 300kg x 0.02kg

DFW "ATEX2GD": WEIGHT INDICATOR FOR ATEX 1 & 21 ZONES

IPE8 stainless steel, ATEX 2GD indicator. 17-key keypad and LCD
display. Protection mode: ATEX Il 2(2)G Ex ib [ib Gb] IIC T4 Gb for
Complete with manual and DECLARATION OF CONFORMITY. To be
combined always with the PW200XRDxxx series’ power adapter or

DFWBPT7BATEX battery. Provided with safety instructions and the
ATEX EU declaration of conformity (EN, DE, FR, ES and IT).

Figure 105 — Weigh Scale ATEX Compliance (5.2)
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BUREAU

EU - Type Examination Certificate

Equi 1t and protecti i intended for use in potentially explosive atmospheres - Directive 2014/34/EU

15 ¥

EU - Type Examination Certificate Number

EPS 18 ATEX 1 156 X Revision 1
Equipment: Electropneumatic positioner type TS600
Manufacturer: TISSIN Co., Ltd
Address: 201-1105, No 397, Seckcheon-ro, Ojeong-gu, Bucheon-5i, Korea

This equipment and any acceptable variation thereto are specified in the annex to this certificate and the
documentation therein referred to.

Bureau Veritas Consumer Products Services Germany GmbH, notified body No. 2004 in accordance with Article
21 given in the Directive 2014/34/EU of the European Parliament and of the Councll of 26 February 2014, certifies
that this equipment has been found to comply with the essential health and safety requirements relating to the
design and construction of equipment and proteclive systems intended for use in potentially explosive
atmospheres, given in Annex |l of the Directive. The examination and test results are recorded in the confidential
documentation under the reference number 18TH0255.

Compliance with the essential health and safety requirements has been assured by compliance with:

EN 60079-0:2012+A11:2013 EN 60079-0:2018 (IEC 60079-0:2017)
EN 60079-1:2014 EN 60079-11:2012

EN 60079-18:2015/A1:2017

If the sign “X" is placed after the certificate number, it indicates that the equipment is subject to special conditions
for safe use specified in the annex to this cerificate.

This EU - Type Examination Certificate relates only to the design and examination of the specified equipment in
accordance with Directive 2014/34/EU. Further requirements of this Directive apply to the manufacture of this
equipment and its placing on the market. Those requirements are not covered by this cerfificate.

The marking of the equipment shall include the following:

112G Ex db mb IIBAIC T&/TS Gb
@ 112G Ex ia lIC T&/T5 Gb
;}‘--_II 2D Ex tb lIIC T85°C/T100°C Db IP66

Nuremberg, 2018-05-09

Page 1of 2

‘
25 &

Carfificates. without signature and ®sal am ypid Fhi€ cartificats s allowed 1o be distributed only if not moddied. Extracts or modificaions must be authorized by
Bureau Veritas Consumer Products Sendces Germany GmbH. EPS 18 ATEX 1 156 X, Rewision 1.

Figure 106 — Positioner ATEX Compliance 1 {5.2)
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VERITAS
(13)

Annex

(14) EU - Type Examination Certificate EPS 18 ATEX 1 156 X

Revision 1
(15) Description of equipment

Electro-Pneumalic valve positioner TSB600 series controls the valve stroke in response to an input signal of
4~20mA DC from the control panel, DCS or calibrator,

Enclosure fulfils IP66 rating according to EN 60529

Electrical data

4~20mA DC
Intrinsically safe version:
Ui max 28V
li max 101mA,
Pi max 707mW

Figure 107 - ATEX Barriers (5.5)

sl R6ED () k!
5 E zua'nuelrlbtnicr I{‘/] o
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Figure 108 - Positioner ATEX Compliance 2 (5.2)
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Application Note

EMC - Checklist

A checklist to avold EMC trouble

Figure 109 — EMC Checklist (5.6)
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Title EMC - Checklist

Version 1.10
Document no. = 100151
Original en
Author Festo
Last saved 08,08.2017
Copyright Notice

This decumentation is the intellectual property of Festo AG & Co. KG, which also has the exclusive copyright, Any
modification of the content, duplication o reprinting of this dacumentation as well as distribution to third par-
ties can only be made with the express consent of Festo AG & Co. KG.

Festo AG & Co KG reserves the right to make modifications to this document in whole or in part. All brand and
product names are trademarks of registered trademarks of their respective owners.

Legal Notice

Hardware, software, operating systems and drivers may only be used for the applications described and only in
conjunction with components recommended by Festo AG & Co. KG,

Festo AG & Co. KG does not accept any liability for damages arising from the use of any incorrect or incomplete
information contained in this documentation or any inf i issing therefr

Defects resulting from the Improper handling of devices and modules are excluded from the warranty.

The data and information specified in this document should not be used for the implementation of safety func-
tions relating to the protection of personnel and machinery.

No liability is accepted for claims for damages arising from a failure or functional defect. In other respects, the
regulations with regard to liability from the terms and conditions of delivery, payment and use of software of
Festo AG & Co, KG, which can be found at www.festo.com and can be supplied on request, shall apply.

All data contained in this document do not represent guaranteed specifications, particularly with regard to func-
tionality, condition or quality, in the legal sense.

The Information in this document serves only as basic information for the implementation of a specific, hypo-
thetical application and is in no way intended as a substitute for the operating instructions of the respective
manufacturers and the design and testing of the respective application by the user,

The operating instructions for Festo products can be found at www.festo.com/sp.

Users of this document (application note) must verify that all functions described here also work correctly in the
application. By reading this document and adhering to the specifications contained therein, users are also solely
responsible for their own application.

© (Festo AG & CO. KG, D-73726 Esslingen, 2017)
Internet:  http:/ /www.festo.com
E-Mail: service_international@festo.com

Figure 110 - EMC Checklist (5.6)

144




Table of contents

1 Componemts/Software used.........cvee

2 CIIREKPONIES e.oconcnsssasassninsssmsetsssssssisbrssbsstsseshssss bS04 50848 S A0 404 800 8 Pabsa st 4320 4 HHSALL4LA MR LIS SLRL

2.1
2
2.4

Figure 111 - EMC Checklist (5.6)




Checkpoints

2 Checkpoints

2.1 Common

3 Are all system segments consistently earthed - check carefully because, for example, metal cable duct-
ing is often interrupted! Wherever Interruptions are discovered, both ends must be connect th at
least one braided copper strap! A single gap destroys the shield effect of the entire duct!

¥ Pay special attention to the laying of cables between the system and the control cabinet - this differs
from the cabling used at the manufacturer's location during commissioning. Ask the c to open
covered cable ducts in this area for this reason!

¥ |s there an equipotential bonding busbar? How and where is it connected? (At Festo: The central point
conductor is connected to a foundation earth electrode in the tra mer station and is then star-con-
nected to the equipotential bonding busbars in production.)

¥ Is meshed earthing used, i.e. are system P ts connected to functional earth via earth-

ing straps? (Numerous earthing straps connected in parallel result in a low-impedance connection to
earth potential, even for high frequencles) N /A

»  Cross-section of earthing cables at least 4 sq. mm? /

¥ Does the system consist of anodised extruded profiles? Ase the individual elements screwed together
with T-head nuts which reliably puncture the anodised coating? LN l' A

¥» Machine base seg connected consi: ly with low-impedance —y& all check for paint on
painted frame sections which prevents large-area surface contact.

»  Plastic or metal cable ducts? Plastic ducts should only be used in pdithed system segments, because
they are otherwise susceptible to field-related interference.

» Cables are cmf‘tw laid along an earthed machine base. A metal cable duct is used where this isn't
possible.

» (Cables or cable hamesses do not protrude “into the air” as a loop, /

¥ Where folls are processed, conveyor belts are used or in the case of insulated workpiece carriers during
awelding process: have brushes or ionising bars been installed in order to disperse charges? }\]M

> Welding units with HF ignition ~ is the welding electrode holder earthed? NJ /A

» The shielding effect is poor where large lattice support structures are used, For example, massive field
interference can occur in proximity to welding units.  nJ /A

> All cables are lald along earthed metal structures, i.e. no surfaces are spanned due to laying. -/

Seite 6von B Application Note < EMC - Checklist = 1.10

Figure 112 - EMC Checklist (5.6)
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Checkpoints

22 Control cabinet

* Bare mounting plate (e.g. galvanized steel sheet metal), massively earthed. /

» The following applies in general: all of the contrgt cabinet’s metal parts must make large-area surface
contact with each other - no paint to paint!

» Control cabinet door connected to the cabinet itself via short, braided copper straps? In the case of
large control cabinets, 3 braigéd copper straps should be connected which are evenly distributed over
the length of the door,

¥ s earthing to components mounted in the control cabinet door connected? /

» Bare converter housings make large-area surface contact with bare, earthed mounting plate. »J /A

» Devices which generate inter ce (e.g. converters) and sensitive control components spatially sepa-
rated from each other?

¥ There are no cables whi loops in the air, i.e. all cables are laid close to earthed sheet metal
parts/housings.

¥ Motor cables laid separately from signal lines? &J /A

¥ Signal cables are only fed into the control cabinet from one side. /

¥ Reserve lines are connected to functional earth at both ends.

¥ Shielded cables: Yhe shield is connected with good surface contact immediately after entry into the con-
trol cabinet,

» Shielded cables)}:( shield is connected with large-area surface contact upstream and downstream
from a clamp.

¥ Shield connection not on painted surfaces? ‘/

¥ Connection established between 0 V and functional earth? (due to PELV: in accordance with DIN EN
60204-1, ane side of the rin)u’brl point within the energy source for this circuit must be connected to
the protective circuit).

¥  Mains filters installed correctly? The bare mains filter housing makes good surface contact with the bare
mounting plate and is not mounted on the painted control cabinet! If this is not the case, unscrew and
remove the mains filter, and strip the paint down to bare metal. wJ /A

¥ Mains filter: cables laid correctly? —i.e. the filtered cable is not led back to the unfiltered end and laid
parallel to the incoming mains cable!  NJ /A

» Filter for converter installed very close to the converter? (N f P(

Application Note - EMC - Checklist - 1.10 Seite 7von 8

Figure 113 - EMC Checklist (5.6)
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Checkpoints

23 Cable ducts /

¥ Are power cables (e.g. motor cables) and sensitive signal cables laid separately?
’
¥» Uninterrupted metal partitions in metal cable ducts? MfA

¥ Are cables separated according to cable category, or is everything mixed up? S op &l & e /

2.4 System environment

¥ Are there potential sources of interference in the system's environment (e.g. welding units, converters,
electric drives)? N ©

> Are metal cable ducts consistently earthed with low-impedance? '7'€§

¥  Are cable reserves wound up as coils? If so uncoil, fold in the middle and wind back up doubled over
(ifilar winding). Un LU Guach

¥ s sporadic interference detected (e.g. due to a gantry crane, a lift, air conditioning or a welding unit)? I\J (v
P

FR Greacins

22/02/ 2022 |

SeiteBvon8 Application Note = EMC - Checklist = 1.10

Figure 114 - EMC Checklist (5.6)
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Miniature circuit breaker (MCB),
Multi9 C60N, 1P, 2A, C curve, 10kA

(IEC/EN 60947-2)

M9F11102

Environment
Heat dissipation 26Wat240V-2A
IP degree of protection P20 conforming to IEC 60529

IP40 (modular enclosure) conforming to IEC 60529

Figure 115 — MCB IP Protection (5.7) (SE, 2023)

OT25F3

Mounting Type
Number of Poles

Cable Cross-Section

Base mounting
3
Cu 0.75 ... 10 mm?*

Wire Stripping Length

Degree of Protection
Terminal Type
Tightening Torque
Mechanical Durability

Lock Type

Main Circuit 10 mm
Main Circuit 0.38 in

Front IPQQ

Screw Terminals

acc. |[EC 60947-1 0.8 N-m
20000

Na

Figure 116 —Isolator IP Protection (S.7) (Eaton, 2023)

DATASHEET - RS20H

Fuse-holder, low voltage, 20 A, AC 690 V, BSB8/A1, 1P, BS, front cwnede ; I . N

Katalog Nr.

Delivery program

RS20H

Product range Fuse accessory
Bagic functian Fuse-halder
Field of application low voltage
Rated current 1 A n
Rated voliage AL 650 V
Construction size BSEE/AT
Description front connected
Paint finigh
Jprotuction P20 1

Numbaer of poles

usable for size/applications
Standard/Approval
Standards/Regulations

"
INITD and NIT fuse-links
BS

B588-2
IEC 6026%-2

Figure 117 —Main Fuse IP Protection (5.7) (Eaton, 2023)
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Product datasheet

Specifications

f Creen
Premium °

iIC60H - earth leakage circuit breaker
-1P+N-Ccurve-6A-30mA -

-
& Local distributor code: 396790053  ASD11806
ee
L]
Environment
Standards |EC 61009-1
AS/NZS 61009.1
IEC §1008-2-2
BS EN 61008-1
IP degree of protection P20

Figure 118 - RCBO IP Protection (5.7) (SE, 2023)

..ﬂ sifam tinsley

XMER Moulded Case Range - Class 0.28

XMER CT's are square type and encapsulated with UL94V-0 approved
palycarbonate. These metering CT's feature sealable terminal covers and a wide
range of primary current ratings with a high accuracy class suitable for tariff
metering applications. Available in various, Bus bar sizes, case widths, and
mounting options.

Features

+ Comprehensive class accuracy

+ Cost effective moulded case curment
transionmes

=+ Various mounting options including wal

mounting, cable mounting. bus bar
mounting and DIN rad mounting

0.2s accuracy cass
< ‘Wire sealable ferminal covers
* Sultable for tariff matering

Primary cumrent B0A to 75004

Secondary current 1A or 54

Accuracy class 0.2

Ower current limiting factor FS5, FS10, FS15

Rated frequency 50HZ or 60Hz

Rated continuous thermal current (standard) 1,2 x in

Rated short time thermal curment with B0 x in, 1 s (Max 40kA)

Rated isolation kevel 0.72/3 kV or 0.72/4 KV

Place of insutation Indoor

Altitude up 10 2000 m

Degree of protection IR20

Degrea of polution 2

Ambient tamperature -5°C 1o + 55°C {0-95% relative humidity, non condensingl)
Storage temperatura -25°C to + 70°C

Applied standards IEC 60044-1 / [EC 61860-1 : Parformance, [EC - 61010 - 2 : Safaty.

L L R I I I T

Figure 119— CT IP Protection (5.7) (Tinsley, 2021)
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Degree of protection and protection class

Degree of protection and protection class

Protection class Protection class Il when installed
Degree of protection according to Device front panel IP&5

IEC 60529 Device rear panel 1P20

If a higher degree of protection is required for a specific application, the customer must take
suitable measures.

Figure 120 — PAC3220 IP Protection (Siemens, 2019)

Figure 121 — Main Air Valve Locked (5.3)
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Figure 122 — Main Panel Isolator Locked (5.4)

152




List for the s
msﬁngofnmaf:ges 0 IFA

Institut fir Arbeitsschutz der
— Electrical equipment — Deutschen Gesetzlichen Unfaliversicherung

01.07

3 Information on the test specimen and the test

Record/procedure No.:

Type of test Partial test Equipment [

ot
s W

Test specimen;

Year of manufacture:
Serial No./Product No.:

Testing performed on (date):
At (company):

Testing performed by:

Observed by

(R=Racommandation
Edition August 2010

Figure 123 — BS EN 60204-1: 2018 Checklist Certificate (5.9)
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Saw Cut off Size
JOB NoS176 75

Bottom Frame
:v" [ Customer |
Revision by & T O

Ingredient Uosing System
Unmersity of Woles
Drawn by | Wojciechmilkowski IFRIVYS
U OMATI O N[Checked byl QTyY:
ZRANCE - - Hygienic paint RALS003 HOFF
1000 +10 (@ CI AO TEL. 01554 779090 e - S —
FAX. 01554 779099

3rd ANGLE DRG No. 5174—5)6.04

Figure 124 - Frame RAL Colour (A.0)

Figure 125 - Safe Zone Manifold Panel (A.1)
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AX 1045.000

Tt enclosung
Ser b 3!3 .

Figure 126 - Safe Zone Pneumatic Panel Part Number (A.1)

IModel No.

AX 1045.000

Benefits

More interior installation options thanks to integral enclosure
locators on a 25 mm system pitch pattern combined with the
interior installation rail and our diverse range of system accessories
Maintains the protection category (UL approval) by mounting the
interior installation rail with no drilling required.

Base configuration rail provides additional mounting level and
increased load capacity

Simple planning and configuration with the Rittal RiPanel
configurator

Material

Enclosure: Sheet steel
Door: Sheet steel, all-round foamed-in PU seal

Surface finish

Enclosure and door: Dipcoat primed, powder-coated on the outside,
textured paint
Mounting plate: Zinc-plated

| Colour

RAL 7035 |

Supply includes

Protection category NEMA

Enclosure with door(s)

Gland plate(s) in enclosure base
Mounting plate

Perforated door strip

Lock: 3 mm double-bit

NEMA 1,3R, 4,12

| Protection category to IEC 60 529

P66 |

Figure 127 — Safe Zone Manifold Panel Data (A.1)
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Figure 128 — Safe Zone Main Panel Part Number (A.1)

[Wodel No. AX 1180.000

Benefits More interior installation options thanks to integral enclosure
locators on a 25 mm system pitch pattern combined with the
interior installation rail and our diverse range of system accessories
Maintains the protection category (UL approval) by mounting the
interior installation rail with no drilling required.

Base configuration rail provides additional mounting level and
increased load capacity

Simple planning and configuration with the Rittal RiPanel
configurator

Material Enclosure: Sheet steel
Door: Sheet steel, all-round foamed-in PU seal

Surface finish Enclosure and door: Dipcoat primed, powder-coated on the outside,
textured paint
Mounting plate: Zinc-plated

Eolour RAL 7035 |

Supply includes Enclosure with door(s)
Gland plate(s) in enclosure base
Mounting plate
Perforated door strip
Lock: 3 mm double-bit

Protection category NEMA NEMA 1, 3R, 4,12

|Protection category to IEC 60 529 IP 66 I

Figure 129 - Safe Zone Main Panel Data (A.1) (Rittal, 2023)
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Figure 130 - ATEX Zone HMI Panel (A.2)

=

(LD S L
E I

[ModelNo.

KL 1530.010 |

Material

Enclosure: Stainless steel 1.4301 (AISI 304)

-

Cover: Stainless steel 1.4301 (AISI 304), all-round foamed-in PU seal

Surface finish

Enclosure and cover: Brushed, grain 180 |

Supply includes

Protection category NEMA

Enclosure with cover
Quick-release fastener including plastic bushes

|Protection category to IEC 60 529

IK Code

Dimensions

NEMA 4X

IP 66 |
K08

Width: 400 mm

Height: 300 mm
Depth: 120 mm

Figure 131 — HMI Panel Non Safe Zone (A.2) (Rittal, 2023)




ES-SS Stainless Steel Emergency Stop (3-Pole)

CE.®

IDEM's Heavy Duty Emergency Stop Switches are designed to provide robust Emergency
Stop pratection for exposed conveyors or machines. The IPS9K enclosure protection is
maintained by a double seal gasket and anti-rust, stainless steel internal screws. The
mirror polished surface to Ra10 is designed to cope with direct food splash and
cleaning found in the tough applications of the Food Processing Industries.

Conformance to 15013850, IEC60947-5-1 and IEC60947-5-5.
Features:
« Contacts: 3 Pole Positively Operated Contact Blocks

« Conduit Entry: M20 or 1/2°NPT fitiing
+ Ingress Protection: [PG9K

Special Features:
« Designed with a special lid safety trip mechanism means that the safety contacts

will open if the lid is removed from the Emergency Stop Switch adding an extra
level of protection

Figure 132 — Emergency Stop Actuator Colour {A.3) (IDEM, 2023)

10.2 Actuators
10.2.1 Colours

Actuators (see 3.1.1) shall be colour-coded as follows.

The colours for START/ON actuators should be WHITE, GREY, BLACK or GREEN with a
preference for WHITE. RED shall not be used.

The colour RED shall be used for emergency stop and emergency switching off actuators
(including supply disconnecting devices where it is foreseen that they are for use in an
emergency). If a background exists immediately around the actuator, then this background
shall be coloured YELLOW. The combination of a RED actuator with a YELLOW background
shall only be used for emergency operation devices.

Figure 133 — BS EN 60204-1 Actuator Requirements (A.3) (BSI, 2021)
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N i‘lr. Ity :.m.el.cw.“:‘
w 5 Wales

Figure 134 — Measurement between HMI & Floor 1.5m (G.0)

A Prifysgol Cymru
» Ny Y Drindod Dewl Sant
\ University of Wales

Trinity Saint David

I
Figure 135 - Measurement between HMI & Floor 1.5m (G.0)
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Figure 136 - Measurement between Isolator & Floor 1.08m (G.1)
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Appendix 9.12 4 - Functional Design Specification Testing Evidence

V2 ucp-ECICSDTBEAZZD - VNC Viewer i [u] =

Caster Sugar « No Ingredient

Oats No Ingredient

Caster Sugar No Ingredient

Caster Sugar . No Ingredient

Oats No Ingredient

Caster Sugar r No Ingredient

Oats 4 No Ingredient

Caster Sugar 7 No Ingredient

Figure 138 - Entering Recipe on HMI (P.3)

S5174UWTSD » PLC 1 [CPU 1511 PN] » Program blocks *» Datablocks *» Recipes [DB

=k -, B BE Keep actual values [gg Snapzhot %% %8 copy:napzhots to startvalues g B ©
Recipes

7 - = = Recipes[1] “UDT_FroductSettings ™

a - - RecipeMame String = ‘Oats and Sugar’

L -0 - NumberOfLayers usint (=] o

10 -~ = = LayerSettings Array(1..16] of “UDT_LayerSettin...

11 -an = = LayerSettingz[1] “UDT_LayerSettings"

12 - - Type usint o 1

13 - - Weight Real 0.0 20

14 -3 - Ma 20] w o

1s - = = LayerSertings[2] “UDT_LayerSettings”

16 -« - Type uUsint o 3

17 - - Weight Real 0.0 o5

15 s = R It di ing[20] e bic

19 - = = Layersettings[3] “UDT_LayerSettings™

20 - - Type usint o 1

21 -0 - Weight Real 0.0 20

22 ] - Manualingredient  String[20] 5 =

23 -« = = LayerSettings[4] “UDT_LayerSettings™

24 - - Type usint o 1

25 -~ - Weight Real 0.0 1.0

26 ~an - Manualingredient String[20] & -

27 - = = LayerSettings[5] “UDT_LayerSettings®

28 - - Type usint o 3

29 - - weight Real o0 o8

S5 = = = Nngredi ing(20] = =

31 - = = LayerSettings[6] “UDT_LayerSettings”

32 - - Type uUsint o L

EE 3 - - Weight Real o0 10

34 < - Ma gredi ing[20] . -

Figure 137 — Saving Recipe in Edit Datablock (P.3)
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S174UWTSD » PLC_1 [CPU 1511

Program blocks * Datablocks

Recipes [DB7]

Figure 139 — Edit Recipe Copied to Current Recipe (P.3)
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Recipes
' Name Data type | start value

1 4m ~ Static
3 - RequestRecipeNumber usint o
3 5 * CurrentRecipeNumber usint o
4 @)= = current | “UDT_ProductSettings* (=)
s 5.7 | - RecipeName String -
6 -~ - NumberOfLayers usint o
7 - - LayerSettings Array{1..16] of "UDT_LayerSettin...
B - = = LayerSettings[1] "UDT_LayerSettings™
° - - Type usint o
10 - = weight Real 0.0
55 - - Manua i 20]
12 - = w LayerSettings[2] “UDT_LayerSettings™
13 - - Type usint o
14 - - Weight Real 0.0
15 - - Manualingredient ing(20]
16 gl = ~ Layersemings[3] “UDT_LayerSettings™
17 - - Type usint o
18 -a - Weight Real 0.0
19 - - Manualingredient string[20]
20 - = > Layersettings[4] “UDT_LayerSettings™
21 - - Type usint o
22 - - Weight Real 0.0
23 - - Manualingredi [20]
24 ] = = Layerseutings[5] “UDT_LayerSetmings”
25 - - Type usint o
26 - - Weight Real 0.0
27 - - Manualingredient string[20]

o o B = Keep actualvaluez [gg Snapshot M M8, copyznapshots to startvalue: g B "

Monitor value

o
1

‘Oats and Sugar’
o

20




Brownie

Figure 140 - Functional Test Evidence — Addition of External Ingredient Instruction (P.4)

! Brownie ’ RECIF T

Figure 141 - Functional Test Evidence — Confirmation of Ext Ingredient Instruction (P.4)
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37.60
18.82

Brownie

Figure 142 - Functional Test Evidence — Acceptance (Weight OK) of Ext Ingredient Instruction (P.4)

Select Ingredient

Figure 143 - Functional Test Evidence — Empty Sequence Process on HMI 1 (P.5)
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Figure 144 - Functional Test Evidence — Empty Sequence Process on HMI 2 (P.5)

Figure 145 - Functional Test Evidence — Empty Sequence Process on HMI 3 (P.5)
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— m Caster Sugar

Figure 146 - Functional Test Evidence — Empty Sequence Process on HMI 4 (P.5)
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Quote ID: QDEOTZ2LE_HAPS
Date: 06/07/2022 \

‘\ Precision & Reliability In Perfect Balance

Unit 6, Meer End, Birstall

FAQ: Thomas Grennan Leicester LE4 3EH
EBS Automation Ltd Tel: 0845 260 2602
7 Heel Cropin, sales@mws.Itd.uk
Parc Dafen,

Dafen,

Lianelli,

Carmarthenshire,

SA14 sQw

Dear Tom,

Many thanks for your interest in our products and services, please find below our quotation for the stainless steel platform scales
you requested.

Code Details List Price aty Total
Low profile fioor scale, utilising Flintec SB8 Beam Load Cells giving
non-approved hiresolution capability of up to 15,000 divisions, 3
mtrs of cutput cable as standard.

Optional side ralls are castellated steel and welded onto the top
plate for a clean hygenic finish.

Including 1 Ramp and 3 metres of interconnection cable
HAPS1010ATEX 444500 100  3,556.00
Material: 304 5tainless Steel with Glass Bead Blast finish

Load Cells: 4 x Flintec SB8 IP68 Shear Beam

Weighing Area | x w (mm) 1000mm x 1000mm

I Capacities (kg) 300kg x 0.02kg

Figure 147 - Functional Test Evidence — Weigh Scale Capacity (P.6)

Caster Sugar
Jumbo Oats
Caster Sugar
Caster Sugar
Jumbo Oats
Caster Sugar
Jumbo Oats
Caster Sugar
Jumbo Oats
Jumbo Dats

Oats and Sugar

Figure 148 - Functional Test Evidence — Recipe Dosed with 10 Ingredients Run Data (P.7)
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Figure 149 - Functional Test Evidence — Testing Incoming Supply (P.9)

Figure 150 - Functional Test Evidence — Recipe Dosed with 10 Ingredients (P.7)
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Comment

“Inputs~.idiPAC
MeterVoltage
MeasuringhMCB

b Network 3: MAC Alarm 1 - PAC Meter Voltage Measure MCB Tripped

"MACAlarms”.
Alarm
Conditions[1]

Figure 151 - Functional Test Evidence — Alarm 1 Network (P.12)

L ' 3
“MACAlarms".
Alarm “MACAlarms”. “MACAlarms”.
Conditions[1] AlarmReset AlarmResets[1]
A o s
wr or 1 r
"MACAlarms".

Alarm "MACAlarms®.
Conditions[1] Alarms[1]

J L ' 3

1F W
“MACAlarmz*. *MACAlarms*. INC

Alarms[1] AlarmResets[1] Sint
i i1 EN — ENO|——
o
"MACAlarms”. 1
AlarmCount — |N/OUT

Figure 152 - Functional Test Evidence — Alarm 1 HMI (P.12)
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hd Network 4:

Comment

MAC Alarm 2 - PAC Meter Voltage Supply MCB Tripped

Figure 153 - Functional Test Evidence — Alarm 2 Network (P.12)

Alarm class.
1| AMlarm

2 | Marm

Alarm teut
PAC Mater Voltage Supply MCB Tripped

PAC Mater Communication Fault

"MACAlarms®.
“Inputz".idiPAC Alarm
MeterSupplyMCB Conditions[2]
i1 { }
“*MACAlarm=z*
Alarm “MACAlarms”. “MACAlarms”.
Conditions[2] AlarmRezet AlarmResets[2]
Lt i r 4 -
“MACAlarms”.
Alarm "MACAlarms".
Conditions[2] Alarms[2]
1 1 { %
L] L) 1 I
“MACAIarms~. “MACAlarms~_ INC
Alarms[2] AlarmResets[2] Sint
——— | 11 EN — ENO|——
o
"MACAlarms”. 1
AlarmCount e jNIOUT

Status text
Incoming

Incaming

Figure 154- Functional Test Evidence — Alarm 2 HMI (P.12)
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Network 5:

Comment

MAC Alarm 3 - Field Supply MCB Tripped

"MACAlarms®.

“Inputs”.idiField Alarm

sica Conditions[3]

11 { }
“MACAlarms®.

Alarm “MACAlarms”. “MACAlarms”.
Conditions[3] AlarmRecet AlarmResets[3]

L o < F—
"MACAlarms”.

Alarm *MACAlarms®.
Conditions[3] Alarms[3]
1 1 g 4
1 F 1}

“MACAlarms®. “MACAlarms”®.
Alarms[3] AlarmResets[3]
i} i1 —
o
“MACAlarms”.
AlarmCount

Figure 155- Functional Test Evidence — Alarm 3 Network (P.12)

Alarm text Suatus text

Field 24V MCE Tripped Ineaming

Main Air Pressure Tao Low Incoming

Figure 156 - Functional Test Evidence — Alarm 3 HMI (P.12)
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Network 6:

Comment

“Inputs*.idilOLink
MasterhiCB

MAC Alarm 4 - 10-Link Mazter MCB Tripped

"MACAlarms”.
Alarm
Conditions[4]
P

11

“MACAlarms".

1 I

Alarm "MACAlarms~. “MACAlarms”.
Conditions[4] AlarmRezet AlarmResets[4]
1A 1 z %

Wwr 1 r ) r
“MACAlarms".
Alarm “MACAlarms”.
Cenditions[4] Alarms[4]
i { ¥
1 F 1 }
“MACAlarms". “MACAlarms®. INC
Alarms[4] AlarmResets[4] Sint
i | L1 EN — ENO|——
o
“MACAlarmsT.

1
AlarmCount — | NiQUT

Figure 157- Functional Test Evidence — Alarm 4 Network (P.12)

1
2
3

Alarm dass

Alarm

Alarm

10-Link Master Cammunications Fault

Compressed Air Meter Communication Fault

Incaming

Incoming

Figure 158- Functional Test Evidence — Alarm 4 HMI (P.12)
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-

Network 7:

nment

MAC Alarm 5 - Weigh Scale MCB Tripped

"MACAlarms”.

“Inputs~.idiWeigh Alarm
ScaleMCB Conditionsz[5]
4{/ { 3
r 1 r
"MACAlarms"
Alarm “MACAlarms” “MACAlarms”.
Conditions[5] AlarmReset AlarmResets[5]
L i -— el
“MACAlarms".
Alarm “MACAlarms"~.
Conditions[5] Alarms[5]
5 0 i 3
1 F 1 F
“MACAlarms". “MACAlarmiz®. INC
Alarmz[5] AlarmResets[5] Sint
i |} 11 EN —— ENO|—
1
"MACAlarms". =
AlarmCount — )NIOUT
Figure 159- Functional Test Evidence — Alarm 5 Network (P.12)
. o
Alarm dass Alarm text Status text

:Snow-uo‘u.n|il~_

hE &N

Figure 160 - Functional Test Evidence — Alarm 5 HMI (P.12)
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- Network 8:

Comment

MAC Alarm & -

MCB Tripped

Figure 161 - Functional Test Evidence — Alarm 6 Network (P.12)

A SRR SR R RN

Figure 162- Functional Test Evidence — Alarm 6 HMI (P.12)
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“Inputs©.idi "MACAlarms”.
PositionerBarrier Alarm
MCE Canditions[6]
11 { }
“MACAlarmsz".

Alarm “MACAlarms". “MACAlarms".
Conditionsz[6] AlarmRezet AlarmResets[8]
1 I3 4 %

W r L} F . L
"MACAlarms”.

Alarm "MACAlarms".
Conditions[6] Alarms([s]
d | 4 »

1 F 1
"MACAlarms™ "MACAlarms”.
Alarms[6] AlarmResets[8]
i | 11 EN — EnOf—
]
"MACAlarms”. 1
AlarmCount INJOUT




Comment

> Network 9: MAC Alarm 7 - Main Air Pressure too Low

Figure 163 - Functional Test Evidence — Alarm 7 Network (D.2 / P.12)

Alarm class

1
*RAAC Alarmne®

Alarem text

T&#55
%8s
“AirPressure
T r
chhord "MACAlarms"®.
“Inputz".idiMain TON Alarm
AIrOK Time Conditions[7]
11 N Q { )
1% 55 =i PT ET}— TFOoms=
"MACAlarms".
Alarm “MACAlarms”. “MACAlarms”.
Conditions[7] AlarmReset AlarmResets[7]
L ik Sl
“MACAlarms®.

Alarm *MACAlarms="_
Conditions[7] Alarms[7]
1 { %

1 F 1
“MACAlarms®. “MACAlarms".
Alarms[7] AlarmRezets[7]

1} 11

Figure 164 - Functional Test Evidence — Alarm 7 HMI (D.2 / P.12)
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- Network 10: MAC Alarm 8 -10-Link Master Communication Fault

Comment
“"MACProfinet
Status” 1OLink "MACAlarms”
MasterProfinet Alarm
Fault Conditions[8]
I L { %
L) ) 1 r
“MACAlarms"
Alarm “MACAlarms. “MACAlarms™
Conditions[8] AlarmReset AlarmResets([8]
Lt Lk S
“MACAlarmz®.

Alarm "MACAlarms"
Conditions[8] Alarms[8]
1 3 { %

' L) 1 ’
“MACAlarms”. “MACAlarms". INC
Alarmz[8]) AlarmRezetz[8] Sint
1} A en — enofl——
o
*MACAlarms®. 1
AlarmCount — |NIOUT

Figure 165 - Functional Test Evidence — Alarm 8 Network (P.12)

Alarm class Alarrm text Status text

Alarm Compressed Air Meter Communication Fault Incoming

=l w N

W m| N @

RM HI: RY N

Figure 166 - Functional Test Evidence — Alarm 8 HMI (P.12)
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Figure 167 - Functional Test Evidence — Alarm 8 Fault on Diagnostic Screen (P.12)

- Network 13:

Comment

MAC Alarm 11 -Weigh Scale

ication Fault

Figure 168 - Functional Test Evidence — Alarm 9 Network (P.12)
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*MACProfinet
Status”.Weight "MACAlarms”.
Transmitter Alarm
ProfinetFault Conditions[11]

1 1 { %

1 F L
“MACAlarms”©.

Alarm “MACAlarms®. "MACAlarms”.
Conditions[11] AlarmReset AlarmResets[11]

;] 5 1 Z 3

o ¥ F "
“MACAlarms®.

Alarm “MACAlarms”.
Conditions[11] Alarms[11]

l L ri %

1 F 1 F
"MACAlarms®. “MACAlarms®.
Alarms[11] AlarmResets[11] 1

i1 11 EN — ENO|—

]
“MACAlarms”. 4
AlarmCount INIOUT




Figure 169 - Functional Test Evidence — Alarm 9 HMI (P.12)

Figure 170 - Functional Test Evidence — Alarm 9 Fault on Diagnostic Screen (P.12)
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Network 14:

Comment

“MACProfinet

Status” PACMeter

ProfinetFault
1

MAC Alarm 12 - PAC Meter Communication Fault

“MACAlarms®.
Alarm
Conditions[12]

i

%

"MACAlarms”.

1

r

Alarm “MACAlarms®. “MACAlarms®.
Conditions[12] AlarmReset AlarmResets[12]

L P Sl
“MACAlarms®.

Alarm “MACAlarms~.
Conditions[12] Alarms[12]

1 { %

1 L . r
“MACAlarms”. “MACAlarms”.
Alarm=z=[12] AlarmRezetz[12]

it i1

"MACAlarms”.
AlarmCount

Figure 171 - Functional Test Evidence — Alarm 10 Network (P.12)

Figure 172 - Functional Test Evidence — Alarm 10 HMI (P.12)
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Figure 173 Functional Test Evidence — Alarm 10 Fault on Diagnostic Screen (P.12)
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Figure 174 - Functional Test Evidence — Diagnostic Input Screen (D.0)

Figure 175 — Functional Test Evidence — Diagnostic Output Screen (D.0)
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Caster Sugar

10.00

Figure 176 - Functional Test Evidence — Auto Screen Current Step Message (D.1)
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Figure 177 - Functional Test Evidence — Diagnostic Power Monitoring Screen (E1 & E2)
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Appendix 9.13 — Log Book

SGEL6000
Independent Project

Log Book

Thomas Grennan
Ingredient Dosing System
2022-2023
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Summary of Entries

Log . i L Duration Accumulated
Entry Date Brief Description of Activity (hrs) time (hrs)
1 30/09/22 | Customer Meeting 3 3
2 07/10/22 | Initial Concept Meeting 6 9
3 14/10/22 | ATEX Research 2 11
4 21/10/22 | Research / Supplier Visit 10 21
5 28/10/22 | Project Scope Development 6 27
6 04/11/22 | On-site 0 27
7 11/11/22 Con_cept Review / Project Scope 12 39
Review
8 18/11/22 | Literature Review 20 59
9 25/11/22 | Comparison of 3 Solutions 6 65
10 02/12/22 | Contacting Suppliers 9 74
11 09/12/22 Work Breakdown Structure & Gantt 16 90
Chart
Resource Plan & Costing
12 16/12/22 spreadsheet 10 100
13 23/12/22 | Report Writing 9 109
14 06/01/23 Pan_el Layout Design & Power Circuit 37 141
Design
Completion of Electrical Schematics
15 13/01/23 & SISTEMA 36 177
Ordering of Electrical Components,
16 20/01/23 Sequence & Software Design 48 225
17 27/01/23 | Software Design 30 255
18 03/02/23 | HMI Screens / Issues with DF2101 22 277
19 10/02/23 | Panel Build / Mechanical Assembly 30 307
Contingency - PAC3220/Weight
20 17/02/23 Transmitter Setup 48 355
21 24/02/23 Mt_e?hamcal Assembly & Machine 48 399
Wiring
2 03/03/23 Machine Wiring / Commissioning 30 429
Start
Completed Electrical Commissioning
23 10/03/23 / Start Software Commissioning 40 469
24 17/03/23 Software Commissioning / Hopper 25 494
Issues
25 24/03/23 Finish Software Commissioning / 40 534
Test Plan
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26

27

28

29

30
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Log Entry Sheet

Log Number 14
Date 06/01/2023
Duration (hrs) 32
Accumulated time (hrs) 141

Record of activities and achievements

Week 14 saw the first stages of the implementation phase. This week saw the panel
layout for the main electrical panel completed and the electrical schematics has been
started, completing the power circuits.

The mechanical general assembly has also started, with both myself and Wojciech
compiling information for the machinery directive and technical file.

Plans for next week

The plan for week 15 is to complete the electrical schematics & SISTEMA report, and for
the electrical parts list and requisition forms to be completed.

Signed Signed
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Log Entry Sheet

Log Number 15
Date 13/01/2023
Duration (hrs) 36
Accumulated time (hrs) 177

Record of activities and achievements

Week 15 saw the completion of the electrical schematic diagrams, the control circuits,
PLC circuit and cable sizing has been completed, the SISTEMA report was completed
confirming that the components chosen are suitable for performance level B.

The mechanical design has also seen progress in line with the Gantt chart plan.

Plans for next week

The plan for Week 16 is to order all electrical & control components, complete the
sequence design and to begin the first stage of the software design.

Signed Signed
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Log Entry Sheet

Log Number 16
Date 20/01/2023
Duration (hrs) 48
Accumulated time (hrs) 225

Record of activities and achievements

Week 16 saw all electrical components ordered, the sequence design has also been
completed and the software design has begun. All I/0 has been mapped internally, and
the system alarms have also been completed and the “System Empty Run” sequence has
also been completed.

The mechanical general assembly design is also still underway.

Time this week has also been spent planning towards the presentation.

Plans for next week

The plan for the following week is to complete the software design element of the
project. The mechanical engineer plans on completing the general assembly design, and
to start the detailed design.

Signed Signed
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Log Entry Sheet

Log Number 17
Date 27/01/2023
Duration (hrs) 30
Accumulated time (hrs) 255

Record of activities and achievements

Week 17 saw the Software design task completed, in line with the gantt chart plan, the
tasks are currently completed on schedule, a brief start has also been made on the HMI
design. The mechanical general assembly has also been completed and the detailed
design stage has begun.

Plans for next week

The plan for the following week is to complete the HMI design.

Signed Signed
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Log Entry Sheet

Log Number 18
Date 03/02/2023
Duration (hrs) 22
Accumulated time (hrs) 277

Record of activities and achievements

Week 18 saw the completion of the HMI design for the Ingredient Dosing System, this
includes Diagnosis, Manual, Alarm, Automatic and Recipe screens.

An update was received from the supplier of the IFM DF2101, this will not be received
until July 2023, therefore it must be removed from the project, this will fail one of the FDS
points.

ADD PHOTO OF HMI SCREENS

Plans for next week

The plan for the following week is to tag the HMI screens into the PLC & to start the panel
build.

Signed Signed
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Log Entry Sheet

Log Number 19
Date 10/02/2023
Duration (hrs) 30
Accumulated time (hrs) 307

Record of activities and achievements

Week 19 saw extensive progress made in line with the Gantt Chart plan. The main control
panel has been built, wired and installed on its plinth with an Icotek also installed for
cable entry.
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Progress has also been made on the mechanical aspects of the project, 3 of the 6 hoppers

have been delivered and were mounted on the frame including the two-stage valves to

ensure they fit.
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Plans for next week
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The plan for the following week is to begin machine wiring, however, this is looking
unlikely as the machine frame has not been powder coated.

Signed

Signed
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Log Entry Sheet

Log Number 20
Date 17/02/2023
Duration (hrs) 48
Accumulated time (hrs) 355

Record of activities and achievements

The machine frame has been sent out for powder coating, this has restricted machine
wiring & mechanical tasks planned for this week, delaying the project plan by a week.

A contingency has been introduced to recover the timing plan. As the panel has been
completed, 1 day electrical commissioning was brought forward to test and power up the
panel, this allowed for 2 days commissioning to be brought forward.

The 2 days of Software Commissioning have been spent networking and setting up the
weight transmitter and PAC3220, all 10 has been mapped and tested. The frame is due to
be delivered from powder coating on 20/02/2023.

Plans for next week

The plan for Week 21 is to begin the machine wiring.

Signed

Signed
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Log Entry Sheet

Log Number 21
Date 24/02/2023
Duration (hrs) 48
Accumulated time (hrs) 399

Record of activities and achievements

The machine frame has been received from powder coating, allowing project progression
to re-start, a week delay is now evident due to the delays.

The mechanical assembly aspects have been completed. The Valves received from Mucon
were assembled with the valve mounted in the wrong direction of flow, this was found
after they had been installed on the machine resulting in re-work being required.

Progress has been made on the machine wiring, the positioner valves & manifold have
been wired completing 65% of the machine wiring.

Plans for next week

The plan for Week 22 is to complete the remaining electrical wiring tasks.

Signed

Signed
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Log Entry Sheet

Log Number 22
Date 03/03/2023
Duration (hrs) 30
Accumulated time (hrs) 429

Record of activities and achievements
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Week 22 saw the completion of the machine wiring. Electrical Commissioning tasks have
begun ensuring all 10 is wired to the correct addresses. The mechanical commissioning of
the system is complete.

202




Plans for next week

The plan for Week 23 is to complete all electrical commissioning tasks including wiring to
the positioner valves, 5/3 valve manifold, HMI, Weigh Scale & I0-Link Master.

Due to the delays, Week 23 expects to see the Software Commissioning tasks to be
started.

Signed

Signed
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Log Entry Sheet

Log Number 23
Date 10/03/2023
Duration (hrs) 40
Accumulated time (hrs) 469

Record of activities and achievements

Week 23 saw extensive progress made on the software commissioning; the electrical
commissioning is complete. The PLC & HMI programs have been downloaded. All Inputs,
Outputs & Profinet statuses have been tested and confirmed, with the statuses displayed
on the HMI.

The analog scaling from a 16-bit Integer to a percentage was tested, upon inspection it was
clear that the valve was offset by 10% when manually actuating the valve (At 30% Position
when 20% is set, At 60% position when 50% is set). The valve was disconnected and a 250
Ohm resistor was connected as the load. At 0% (4mA) it is expected that a voltage of 1VDC
will be dropped across the resistor (V =1 x R= 0.004 x 250 = 1V), and at 100% (20mA) it is
expected 5VDC will be dropped across the resistor (V =1 x R=0.020 x 250 = 5V).

This was successfully tested proving the scaling was correct. Upon inspection it was noticed
that the valve was not fully shut in the 0% position, being the root-cause of the 10% offset.
The Mucon manual was studied, showing that the valve stroke can be adjusted to allow for
movement over 90 degrees, utilising feeler gauges the stroke was adjusted to ensure the
closed gap was smaller than a grain of sugar.

The alarms function was also tested. Each Alarm condition was set to trigger the PLC alarm.
The HMI message for each condition was verified to ensure correlation, the reset function
was tested to ensure all alarms can be reset once the condition is cleared.

All manual functions were successfully tested, and all 10 is correctly configured.
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DIAGNOSTICS INPUTS

MCB STATUS

L

[PAC Meter Measuring MCB OK

}
|ch Meter Supply MCB OK

[Field 24V MCEB OK
I0-Link Master MCB OK
[Weigh Scale 24V MCB OK

[Positioner Barrier 24V MCB 0K

|

e I MAIN MENU

‘CASTER SUGAR VALVE

—_—_—

PLAIN FLOUR VALVE
| EXTEND | RA JUMBO OATS VALVE ENABLE
| EXTEND ETF BROWN SUGAR VALVE ENABLE

-

" ENABLE
FOURVALVE | EXTEND A SELF-RAISING FLOUR VALVE ENA
— [ T - |

SCONE MIX VALVE ENABLE
L d

i MANUAL MENU AN MENL

Plans for next week




The plan for week 24 is to complete the software commissioning.

Signed

Signed
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Log Entry Sheet

Log Number 24
Date 17/03/2023
Duration (hrs) 25
Accumulated time (hrs) 494

Record of activities and achievements

Week 24 saw further commissioning of the Ingredient Dosing System. The hoppers were
filled with ingredients, both caster sugar and oats flowed freely into the mixing bowl
when the valve was manually actuated, performing as required. However, Plain Flour,
Self-Raising Flour, Scone Mix & Light Brown Sugar did not dose correctly. Upon inspection
of the hopper it was found that the consistency of these ingredients caused cohesive
bridging in the hopper, whereby the particles of the ingredient had bonded together and
compressed creating a bridge of material strong enough to cause a blockage. The four
hoppers required agitation via a Hide Mallet to allow for the ingredient to partially dose.

A meeting was held with the mechanical project engineer, the author & the valve
supplier. It was decided that agitation is required in the form of High Frequency Impact
Vibrators (HFIV) to relieve the cohesive bridge.

Lead time of the HFIVs is 6 weeks, therefore it was decided that the system would be
commissioned only using oats and caster sugar. All three automatic modes were
successfully tested proving the systems functionality and operation meets the
requirements of the FDS. Minor fault finding was required for the Recipe Mode Sequence
as the Valves were not firing, this was found to be a coil being written to twice in the PLC
program.

Plans for next week

The plan for Week 25 is to complete the test plan for the project.

Signed

Signed
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Log Entry Sheet

Log Number 25
Date 24/03/2021
Duration (hrs) 40
Accumulated time (hrs) 534

Record of activities and achievements

Week 25 saw the completion of the commissioning with only two hoppers. The testing
plan requirements of the FDS was then completed, successfully meeting 30 out of the 36
requirements. The 6 requirements that failed completion are direct results of the supply-
chain issues currently faced in the automation sector, these are:

+« The DF2101 Fuse Modules have not been fitted due to supply chain issues

« Emergency Stop not integrated due to Pilz Relay & ATEX E-Stop components not
delivered.

« Technical File is not complete as the system has not been fully tested due to
components not being delivered.

» The project is currently within budget and is likely to be delivered within budget,
this cannot be confirmed as the project is still underway.

» Ability to undertake maintenance activities cannot be confirmed due to the new
requirement for HFIVs which have not been designed and installed.

» The HFIVs require high air consumption, it has been decided to delay the air saver
mode function as the system could be potentially dumping large amounts of air
regularly, a better control method could be looked into by the SD6500 Air Meter
by monitoring the totaliser flow when air consumption is not expected to find
leaks.

Other than these failures, 30 of 36 requirements have been achieved within the time
frame, successfully meeting 83% of the test plan.

Plans for next week

The plan for the following week is to have an update meeting with the HFIV supplier and
write the report.

Signed

Signed
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Log Entry Sheet

Log Number 26
Date 31/03/2023
Duration (hrs) 8
Accumulated time (hrs) 542

Record of activities and achievements

Week 26 saw an update meeting with the HFIV supplier, the delays are still in place and
the HFIVs are expected to be received by 05/05/2023.

Time has been spent writing up the major project report.

Plans for next week

Signed

Signed
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GRADEMARK REPORT
FINAL GRADE GENERAL COMMENTS
Instructor
/100
PAGE 1
PAGE 2
QM Good Structure

Report is structured exactly as stated in the assignment brief.

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7

PAGE 8

PAGE 9

PAGE 10

Text Comment. Very detailed but far too long for a summary

Text Comment. The brief asked you to write this in 300 words

PAGE 11

QM Punctuation Error




PAGE 12

Punctuation error

PAGE 13

PAGE 14

PAGE 15

PAGE 16

PAGE 17

QM

PAGE 18

Text Comment. should be Harvard referenced

Punctuation Error

Punctuation error

Text Comment. a long quotation
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Text Comment. out of
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GRADING FORM: NEW CSG-RUBRIC

THOMAS GRENNAN

87

1. ENGAGEMENT WITH LITERATURE

[

[ Section 3: Judicial use and critical evaluation of
technical literature in the design of the project

There is very good evidence of this in the report.




However, many datasheets have been included in
the appendix without need. Information should
have been cited instead. (4/5)

Section 8: Extent of reading, range of credible
sources and use of Harvard method

Excellent range of reading and use of Harvard. (5/5)

2. KNOWLEDGE AND UNDERSTANDING

[

y‘ Sections 3 and 4: Advanced knowledge and critical
understanding demonstrated in the design and
implementation of the project
There is excellent evidence of this throughout and
particularly in the design and implementation of
the project. (8/5)

3. COGNITIVE AND INTELLECTUAL

[

y‘ Section 5: Testing and analysis of results
Excellent and thorough testing and analysis.
(10/10)
Section 5: Critical evaluation of the project
outcomes
A very thorough and critical evaluation presented.
However, you are spending too many words
lamenting over the delays and blaming
circumstances for not achieving all the outcomes.
(8/10)
Section 6: Conclusions and recommendations
Mostly excellent, though you are in part telling a
story and are giving reasons for failing to meet all
the outcome with is unnecessary. (7/10)

4. PRACTICAL APPLICATION

25

(



y"’ Section 4: Deployment method, use of material,
tools, equipment and techniques in the
construction of the project
Excellent methods, professionally executed. (10/10)
Section 4: Quality of the final product or system
High quality to professional standards. (10/10)
Sections 5, 6 and appendix: Management of the
design process including use of plans, costing
spreadsheet and log book
Excellent evidence of management methods and
contingencies to overcome unforeseen delays that
prevent 100% completion. However, better
planning may have enabled an even better
outcome. (8/10)

5. TRANSFERABLE SKILLS

[

y‘ Section 1: Acknowledgements, executive summary
and introduction
Generally good but summary is far too long,
should be 300 words. (4/5)
All Sections: Presentation quality of the report,
diagrams, charts, tables, figure numbering, page
and section numbering etc
Excellent quality, structure and presentation.
However, against the advice of the brief, you have
included datasheets and manuals whereas they
should have been referenced. (4/5)
All Sections: Quality of the writing style, use of
punctuation and grammar
Generally good but you have a tendency to repeat
yourself and can be overly specific. You are also
telling a story rather than explaining the final
system. Too much space was given to lamenting



over unforeseen delays. (4/5)
Word count limit not exceeded (5/5)



